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FORWARD 


In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals"  as 
promulgated  by  the  Committee  on  Care  and  Use  of  Laboratory  Animals  of 
the  Institute  of  Laboratory  Animal  Resources,  National  Academy  of 
Sciences  -  National  Research  Council. 


SUMMARY 


The  various  subjects  covered  in  this  report  are  listed  in  the  Table 
of  Contents.  Abstracts  of  the  individual  investigations  are  included 
on  the  DD  Form  1498  introducing  each  work  unit  report,  and  names  of 
the  investigators  are  given  at  the  beginning  of  each  report. 
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23.  (U)  To  obtain  biologic  and  physiologic  data  of  the  owl  monkey  essential  for  opti-  • 

mizing  colony  management  procedures,  recognizing  disease  states  and  breeding  and  raisin'! 
Aotus  for  studies  of  falciparum  malaria,  for  which  it  is  the  best  nonhuman  priiTiate  host.j 
Aotus  are  no  longer  commercially  available  in  sufficient  numbers  to  meet  the  Army's  | 

requirements  for  its  malaria  drug  development  research  program.  Pliysiologic  data,  pre-  j 
sently  unavailable  or  unconfirmed  for  the  owl  monkey,  is  critically  needed  to  assure  the! 
success  of  a  domestic  breeding  effort  to  supply  these  monkeys  for  malaria  research.  * 

24.  (U)  Physiologic  data  will  bo  obtained  from  infants  to  fully  mature  adults  to  in-  J 

elude  the  following  measurements:  hematologic,  serum  biochemical  and  enzyme,  estrous 
cycle,  gestation  period,  and  growth  and  development  patterns.  Standard  procedures  will  I 
be  used.  I 

2b.  (U)  77  10  -  78  09  Uuring  the  year,  there  were  30  live  births,  6  abortions,  and  1 

premature  birth  in  the  WRAIR  Aotus  colony.  The  death  rate  among  newborn  infants  v/as 
approximately  50  percent,  with  Klebsiella  pneumoniae  being  the  principal  pathogen  iden¬ 
tified.  An  attempt  to  hand  rear  infant  Aotus  free  of  K.  pneumoniae,  using  a  bioclean 
environment,  was  unsuccessful.  The  death  rate  for  adult  owl  monkeys  approximated  10 
percent.  Principal  causes  of  deaths  were  associated  with  anemia,  glonierulonephritis, 
and  infections  with  K.  pneumoniae,  studies  of  which  are  in  progress.  Chorionic  gonad- 
atropin  measurei.ients  for  5  pregnant  Aotus  confirmed  previous  estimates  of  an  18  week 
gestation  period  for  owl  monkeys.  Serum  assays  for  estrone,  estradiol,  and  progesterone 
could  not  be  used  to  define  the  estrous  cycle.  For  technical  report  see  Walter  Reed 
Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  77-30  Sep  78. 
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Work  Unit  095  Investigations  of  the  Owl  [lonkey  as  a 
Laboratory  Animal 

Investigators : 

Principal;  LTC  R.  D.  Hall,  VC 

Associates:  MAJ  M.  J.  Reardon,  VC;  LTC  R.  J.  Beattie,  VC; 
LTC  T.  J.  Keefe,  VC 

Description: 


To  obtain  biologic  and  physiologic  data  on  the  owl  monkey 
(Aotus  trivirgatus)  which  are  needed  to  optomize  colony  manage¬ 
ment,  recognize  disease  states,  and  successfully  breed  and 
rear  these  monkeys  for  falciparum  malaria  studies,  for  which 
it  is  the  best  nonhunian  primate  host. 

During  the  reporting  period,  research  activities  have  included 
analyses  of:  (1)  specific  parameters  affecting  reproduction, 

(2)  rearing  infant  monkeys  in  a  bioclean  environment,  (3)  a 
hemagglutination  inhibition  test  for  early  detection  of  preg¬ 
nancy,  and  (4)  serum  assays  for  esterone,  estradiol,  and  pro¬ 
gesterone  to  define  the  estrous  cycle. 


1 .  Reproduction  data. 

Certain  basic  reproductive  and  survival  data  are  essential  for 
estimating  the  future  productivity  of  a  breeding  colony.  This 
information  is  particularly  necessary  for  setting  production 
goals,  estimating  basic  colony  size  to  meet  those  goals,  esti¬ 
mating  production  costs,  and  planning  colony  management  and 
support  activities.  These  data  are  not  available  in  the  liter¬ 
ature  for  the  owl  monkey  (Aotus  trivirgatus).  To  develop  this 
information  for  owl  monkeys,  studies  were  made  of  a  colony  of 
94  breeding  pairs  of  monkeys.  Preliminary  data  were  presented 
previously  (16)  and  were  expanded  during  the  past  year. 

Of  the  original  94  pairs  of  monkeys,  57  pairs  (61%)  survived 
the  2  year  period,  9  pairs  (9%)  v/ere  separated  because  of 
fighting  and  28  pairs  (30%)  were  terminated  by  death  of  one  or 
both  of  the  breeders.  Thirty-four  of  the  original  188  monkeys 
died  during  the  study,  giving  an  average  annual  death  rate  of 
9%.  Analysis  of  the  causes  of  death  of  adult  owl  monkeys  is 


provided  in  a  separate  section  of  this  report. 

Female  breeder  monkeys  could  be  segregated  into  3  distinct 
groups  based  on  their  reproductive  performance:  47  females  (50%) 
produced  GO  single,  viable  offspring;  16  females  (17%)  became 
pregnant,  several  on  multiple  occasions,  but  all  of  these 
pregnancies  ended  in  miscarriages;  and  31  females  (33%)  never 
conceived  during  the  2  years.  In  the  group  that  never  con¬ 
ceived,  8  pair  were  separated  because  of  fighting  and  13  pair 
were  separated  by  death  of  one  of  the  members.  Ten  of  the 
females  remained  with  their  mates  the  entire  24  months. 

Pregnancies  were  diagnosed  when  at  least  3  successive  urine 
specimens  from  a  breeding  pair  showed  a  positive  reaction  with 
the  Subhuman  Primate  Pregnancy  Test  kit  (Section  3,  below).  A 
total  of  113  pregnancies  were  detected.  Of  these  46  (41%) 
ended  in  spontaneous  abortion,  7  (6%)  ended  in  stillbirths,  and 
60  (53%)  ended  with  single,  live  births.  Four  stillbirths  and 
16  abortions  occurred  among  15  females  which  produced  at  least 
one  live  offspring  each.  The  remaining  3  stillbirths  and  30 
misrjrriages  occurred  in  the  16  female  monkeys  that  never  pro¬ 
duced  live  offspring.  Abortions  usually  occurred  without 
overt  signs,  flost  of  the  pregnancies  that  terminated  early  by 
abortion  probably  would  have  gone  undetected  without  the  use 
of  the  pregnancy  test  kit. 

At  the  end  of  the  2  year  study  period,  only  33  of  the  60 
offspring  born  (55%)  were  still  alive.  Summarization  of  the 
clinical  and  pathological  data  on  these  infants  is  not  complete; 
however,  a  preliminary  impression  is  that  septicemia  due  to 
Klebsiella  pneumoniae  was  the  major  cause  of  death.  Studies 
are  presently  in  progress  to  develop  methods  of  reducing  the 
death  rate  of  infant  owl  monkeys.  Other  factors  such  as  karyo¬ 
types  and  age  are  still  being  analyzed  for  their  effect  on  the 
reproductive  performance  of  these  94  pairs  of  owl  monkeys. 

2 .  Rearing  infant  owl  monkeys  in  a  bioclean  environment. 

The  prevalence  of  Klebsiel la  pneumoniae  among  the  owl  monkeys 
in  the  WRAIR  colony  has  significant  implications  on  the  health 
of  the  monkeys  and  their  subsequent  usage  for  breeding  or 
investigations.  The  role  of  K  pneumoniae  may  be  either  as  a 
primary  or  a  secondary  pathogen.  Among  the  adult  owl  monkeys 
in  the  colony,  this  organism  has  been  isolated  from  tissues  of 
monkeys  that  died  from  anemia,  glomerulonephritis,  and  air 
sacculitis.  Isolations  of  K  pneumoniae  also  were  made  from 
throat  and/or  rectal  swab  specimens  of  more  than  50%  of  the 
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monkeys  examined  (detailed  analysis  is  provided  in  a  separate 
section  of  this  report).  Similarly,  the  death  rate  among 
infant  owl  monkeys  born  in  the  WRAIR  colony  has  been  approxi¬ 
mately  50%,  with  the  most  common  cause  of  death  being  attri¬ 
buted  to  K  pneumoniae  infections. 

Continued  operation  of  an  owl  monkey  breeding  colony  is  pred¬ 
icated  upon  eliminating  K  pneumoniae  from  the  monkeys  within 
the  colony.  Further,  malarial  and  other  research  investiga¬ 
tions  are  apt  to  be  compromised  in  the  absence  of  pathogen- 
free  owl  monkeys.  An  attempt  was  made,  therefore,  to  isolate 
neonatal  owl  monkeys  from  their  parents  and  hand  rear  the 
infants  under  controlled  environmental  conditions. 

Four  newborn  owl  monkeys  were  separated  from  their  parents 
within  24  hrs  after  birth.  Each  infant  was  washed  thoroughly 
for  about  15  min  using  an  iodinatod  surgical  soap  (Betadine, 
Bard  Pharmaceuticals,  Inc),  and  transferred  to  an  individual 
cage  within  an  8  ft  X  12  ft,  flexible  wall  Bioclean  unit 
(Fieldstone  Corp).  The  Bioclean  unit  was  designed  to  minimize 
aerosol  transmission  of  microorganisms  by  providing  large 
volumes  of  highly  filtered  air  to  the  interior  in  a  vertical 
laminar  flow.  Personnel  entering  the  Bioclean  unit  were 
required  to  wear  sanitized  foot  coverings  and  sterile  surgical 
gov/ns,  caps,  masks,  and  gloves.  Equipment  and  materials  taken 
into  the  unit  were  either  sanitized  or  sterilized.  Fecal 
specimens  from  each  infant  were  collected  from  the  cage  and 
swabs  of  the  equipment  within  the  unit  were  examined  culturally 
for  K  pneumoniae  on  a  weekly  basis. 

The  first  infant  owl  monkey,  I-l,  was  placed  into  the  Bioclean 
unit  on  16  flarch  1978  (day  0),  and  the  second  infant,  1-2,  was 
introduced  7  days  later.  Fecal  samples  from  I-l  were  nega¬ 
tive  for  K  pneumoniae  on  days  7  and  14,  as  was  a  fecal  sample 
from  1-2  on  day  14.  Betv/een  days  14  and  21,  infants  1-3  and 
1-4  were  placed  in  the  unit,  both  on  the  same  day.  Fecal 
samples  on  day  28  from  all  4  infants  yielded  K  pneumoniae. 

The  source  of  this  contamination  undoubtedly  was  1-3,  1-4,  or 
both.  Since  each  infant  had  been  thoroughly  cleansed  prior  to 
transfer  into  the  Bioclean  unit,  the  contaminating  Klebsiel la 
organisms  probably  were  sequestered  in  the  oral-pharyngeal  area 
or  in  the  gastrointestinal  tract.  The  most  likely  means  of 
dissemination  of  the  organisms  among  the  infants  wittiin  the 
unit  v/as  via  feeding  and  handling.  The  4  infants  were  removed 
from  the  Bioclean  unit  after  Klebsiel la  infection  was  detected. 
One  of  the  infants  died  subsequently  of  a  septicemia  caused 
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by  K  pneumoniae.  The  remaining  3  infants  have  lived  and  con¬ 
tinue  to  be  observed  for  clinical  signs  of  disease. 

Although  this  initial  attempt  to  rear  Klebsiella-free  owl  mon¬ 
keys  was  unsuccessful,  the  findings  of  the  study  provided  the 
basis  for  establishing  improved  methods  for  management  of  the 
Aotus  breeding  colony.  Changes  made  in  breeding  management  of 
the  owl  monkeys  include:  (1)  bacteriologic  examination  for 
Klebsiella  S£  of  all  breeder  monkeys  to  define  those  that  are 
KlebsielTa-frec,  (2)  segregation  of  infant  monkeys  followed  by 
bacteriologic  evaluation,  (3)  transfer  of  only  Klebsiel la-free 
infants  into  a  clean  rearing  room  or  Bioclean  unit,  and  (4) 
require  personnel  to  change  into  clean  gowns  and  gloves  before 
handling  each  infant  to  reduce  the  potential  of  cross-contamin¬ 
ation.  Strict  adherence  to  ttiese  principals,  it  is  felt,  will 
significantly  enhance  the  quality  of  owl  monkeys  reared  in  the 
colony  and  result  in  a  marked  reduction  of  the  infant  mortal¬ 
ity. 


3.  Pregnancy  diagnosis  in  owl  monkeys:  Evaluation  of  the 
hemagglutination  inhibition  test  for  urinary  chorionic 
gonadotropin. 

Restrictions  limiting  the  supply  of  feral  New  World  monkeys 
for  biomedical  research  have  hastened  the  need  for  domestic 
breeding  programs.  The  unique  status  of  the  owl  monkey  (Aotus 
trivirgatus)  as  a  primate  model  for  research  on  human  malaria 
prompted  the  establishment  of  a  colony  of  owl  monkeys  at  the 
Walter  Reed  Army  Institute  of  Research  (WRAIR).  An  important 
management  problem  encountered  was  pregnancy  diagnosis.  Ini¬ 
tially  diagnosis  was  made  by  uterine  palpation;  however,  this 
procedure  required  frequent  handling  of  the  monkeys  which  may 
have  contributed  to  the  occurrence  of  abortions  and  stillbirths. 
A  reliable  diagnostic  method  vjas  sought  that  would  detect  preg¬ 
nancy  as  early  as  possible  without  physical  manipulation  of 
the  monkeys. 

The  Subhuman  Primate  Pregnancy  Test  (SPPT)  kit  has  been  used 
for  detecting  pregnancy  in  macaques  (1,2,3),  baboons  (1,4), 
marmosets  (5),  tamarins  (6),  squirrel  monkeys  (7),  chimpanzees 
(1,8,9),  orangutans  (9,10,11),  and  gorillas  (1).  This  hemag¬ 
glutination  inhibition  tube  test  for  urinary  chorionic 
gonadotropin  uses  an  antiserum  (11-26)  to  the  e-subunit  of  ovine 
luteinizing  hormone  which  cross-reacts  with  the  chorionic 
gonadotropins  of  a  variety  of  primate  species  and  provides 
definitive  results  within  two  hours  using  neat  urine.  In 
addition,  this  same  antiserum  is  employed  in  a  radioimmunoassay 


(RIA)  system  for  quantification  of  chorionic  gonadotropins  (12) 

The  purposes  of  this  study  were  to  define  the  pattern  o'*"  excre¬ 
tion  of  urinary  chorionic  gonadotropin  during  gestation  of  the 
owl  monkey  and  to  evaluate  the  application  of  the  SPPT  kit  to 
detecting  pregnancy  in  owl  monkeys  using  a  practical  urine 
collection  technique. 

Animals  and  management.  Monkeys  (36  pairs)  were  housed  as 
breeding  pairs  in  galvanized,  wire  mesh  cages  measuring  0.75  X 
0.75  X  0.75  m.  Monkey  rooms  were  maintained  between  20  and 
26  C  with  approximately  15  air  changes  per  hour  of  100%  fresh 
air.  Relative  humidity  was  not  controlled.  Subdued  lighting, 
obtained  with  fluorescent  light  tubes  covered  with  red  poly¬ 
carbonate  shields,  was  provided  from  0600  to  1800  hours  and 
was  followed  by  darkness.  Monkeys  were  fed  a  commercial,  25% 
protein,  primate  diet  supplemented  daily  with  apples  or  oranges 

Urine  collection.  In  the  initial  evaluation  phase  of  this 
study,  urine  was  collected  weekly  from  female  monkeys  expected 
to  become  pregnant.  The  females  were  separated  from  their 
cagemates  during  collection  procedures  with  plexiglass  parti¬ 
tions  placed  into  the  cages.  Midmorning  urine,  aspirated  from 
plastic  sheets  arranged  under  the  female's  side  of  the  cage, 
was  divided  into  two  aliquots:  1  for  immediate  testing  with 
SPPT,  and  the  other  stored  at  -20  C  for  later  testing  by  RIA. 
When  the  SPPT  kit  was  being  evaluated  for  routine,  colony-wide 
use,  urine  was  collected  biweekly  from  31  breeding  pairs, 
including  pregnant  females,  without  separating  the  monkeys. 

The  danger  of  collecting  female  urine  diluted  with  male  urine, 
or  male  urine  alone,  is  recognized.  In  both  phases  of  this 
study,  when  a  SPPT  result  changed  from  consistently  negative 
to  positive  or  equivocal  (+ ) ,  frequency  of  urine  collection 
was  increased  to  2  or  3  times  per  week  until  a  definitive 
pattern  of  positive  or  negative  responses  was  established. 

Testing  procedure.  All  qualitative  tests  for  Aotus  chorionic 
gonadotropin  (AoCG)  were  performed  at  the  t-'RAIR  using  the  SPPT 
kit  according  to  previously  described  procedures  (2).  Coded 
urine  specimens  from  five  pregnant  female  monkeys  were  sent 
to  the  National  Institutes  of  Health  (NIH)  for  the  quantitative 
assay  for  AoCG  using  RIA  as  previously  described  (12).  SPPT 
results  were  not  made  available  to  Hill  personnel  until  testing 
was  completed. 

Evaluation  of  the  SPPT  kit.  During  this  piiase  of  the  study, 
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5  monkeys  became  pregnant  and  delivered  live  offspring.  Urine 
specimens  collected  throughout  these  pregnancies  were  assayed 
by  the  SPPT  kit  and  RIA  for  AoCG.  Mean  concentrations  of 
AoCG  at  various  stages  of  pregnancy  are  shown  in  Figure  1. 

The  RIA  technique  detected  urinary  chorionic  gonadotropin  16 
weeks  before  parturition  in  all  pregnant  owl  monkeys.  After 
that,  concentrations  of  AoCG  increased,  reaching  a  zenith 

6  to  11  weeks  before  birth.  About  the  6th  week  prepartum  the 
concentrations  of  AoCG  declined,  but  clearly  were  detected 
until  parturition.  Within  1  week  post  partum,  AoCG  could  not 
be  detected  in  urine. 

Results  of  the  hemagglutination  inhibition  test  for  AoCG  using 
the  SPPT  kit  on  these  same  urine  specimens  are  also  shown  in 
Figure  1.  Between  the  16th  and  14th  week  prepartum,  only 
half  of  the  specimens  showed  a  positive  reaction.  However,  be¬ 
tween  the  14th  week  and  the  last  week,  the  SPPT  results  were 
highly  reliable  for  predicting  pregnancy,  exceeding  90%  accu¬ 
racy.  Equivocal  (+)  results  bracketed  or  followed  by  a  series 
of  at  least  3  positive  reactions  were  considered  positive. 

These  equivocal  results  were  seen  most  frequently  at  the 
beginning  and  end  of  the  gestation  period  when  chorionic  gonado¬ 
tropin  levels  were  near  the  limits  of  detection  in  the  SPPT. 

Routine  application  of  the  SPPT.  SPPT  results  were  analyzed 
for  a  group  of  62  owl  monkeys  which  remained  paired  for  24 
months.  Data  in  Table  1  show  the  frequency  of  correct  and 
incorrect  test  responses  on  1688  urine  specimens  from  these 
monkeys.  Seventeen  of  the  31  females  produced  21  single, 
viable  offspring  during  the  24  months.  The  other  14  females 
did  not  give  birth  during  the  2  years.  Apparently,  9  of  the 
nonparous  females  never  conceived  during  the  study  period.  An 
additional  5  females  are  knov/n  to  have  become  pregnant  a  total 
of  16  times,  yet  fetal  loss  occurred  prematurely.  Abortions 
usually  occurred  without  overt  signs.  On  only  2  occasions  was 
the  fetus  or  fetal  material  observed  after  a  spontaneous 
abortion. 

A  correct  negative  or  positive  pregnancy  test  response  was 
observed  88X  of  the  time  (Table  1).  False  negative  and  false 
positive  reactions  were  observed  2  to  5%  of  the  time,  and 
equivocal  (+)  or  inconclusive  test  responses  were  observed 
5  to  8%  of  the  time. 

These  results  demonstrate  that  the  SPPT  kit  is  useful  for  preg¬ 
nancy  diagnosis  in  owl  monkeys  as  early  as  14  weeks  before  par- 
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turition.  When  a  test  result  indicates  a  change  from  a  consis¬ 
tently  negative  pattern  to  positive  or  equivocal,  the  overall 
accuracy  of  the  SPPT  is  greatly  increased  by  performing  a 
second  independent  confirmatory  test.  In  this  study,  false 
negative  results  were  probably  caused  by  testing  or  dilution 
with  male  urine.  Reasons  for  positive  and  equivocal  results 
when  a  monkey  is  not  pregnant  are  presently  under  study.  By 
testing  urine  from  breeding  females  biweekly,  a  high  degree 
of  accuracy,  at  least  90%,  can  be  obtained  by  predicting 
parturition  100  +  10  days  from  the  first  confirmed  positive 
SPPT  result. 

Oetecting  early  abortions  by  monitoring  urinary  chorionic 
gonadotropin  levels  is  essential  information  when  forming  a 
reproductive  profile  for  breeder  owl  monkeys.  Data  from  this 
study  show  that  owl  monkeys  continue  to  produce  AoCG  at 
detectable  levels  until  the  week  of  delivery.  This  makes  the 
SPPT  particularly  useful  for  monitoring  continuation  of  gesta¬ 
tion  in  owl  monkeys.  The  SPPT  kit  allowed  us  to  detect 
spontaneous  abortions  rapidly  and  accurately,  and  eliminated 
the  need  for  frequent  handling  to  perform  uterine  palpation, 
which,  itself,  may  contribute  to  fetal  wastage. 

The  Subhuman  Primate  Pregnancy  Test  (SPPT),  a  hemagglutination 
inhibition  tube  test,  was  evaluated  as  a  means  of  detecting 
urinary  chorionic  gonadotropin  (UCG)  and  related  pregnancy  in 
owl  monkeys.  Using  radioimmunoassay  (RIA),  the  excretion 
pattern  of  UCG  from  pregnant  owl  monkeys  was  delineated,  the 
hormone  being  detected  from  16  weeks  prepartum  until  birth.  By 
comparison,  the  SPPT  detected  UCG  and  pregnancy  between  week 
14  prepartum  and  the  last  week  of  gestation  with  greater  than 
90%  accuracy.  In  a  2  year  study  using  a  simplified  urine 
collection  technique,  the  SPPT  was  shown  to  be  a  valuable  pro¬ 
cedure  for  diagnosing  pregnancy  and  detecting  spontaneous 
abortions  in  owl  monkeys. 

4.  Electrophoretic  study  of  serum  proteins  in  karyotypical ly 
defined  owl  monkeys. 

C;,'um  protein  polymorphism,  to  include  bisalbuminemia  and  triple 
alpha  globul inemia,  has  been  observed  in  owl  monkeys  by  several 
investigators  (13,14,15).  The  number  of  animals  examined,  how¬ 
ever,  usually  has  been  small  and  interpretations  of  the  results 
have  conflicted.  The  serum  ir.inunoelectrophoretic  patterns 
reported  for  5  monkeys  showed  Brazilian  (i karyotype  I)  owl  mon¬ 
keys  had  2  distinct  albumin  fractions,  whereas  Colombian  owl 
monkeys  only  exhibited  one  (14).  By  contrast,  0  of  5  karyotype 
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I  and  2  of  6  Colombian  monkeys  included  in  another  study  had 
bisalburninemia  (15).  This  2  albumin  fraction  phenomenon  was 
substantiated  when  bisalburninemia  was  detected  in  33  of  110  owl 
monkeys;  however,  the  relationship  of  these  findings  to  karyo¬ 
type  was  not  studied  (13).  A  second  serum  protein  polymorphism, 
expression  of  a  third  macroglobulin,  also  has  been  reported  for 
some  owl  monkeys.  Collins  et  al  observed  3  alpha  globulins  in 
each  of  5  karyotype  I  monkeys  and  only  2  alpha  globulins  in 
each  of  6  Colombian  monkeys.  Additionally,  it  has  been  shown 
that  karyotype  I  owl  monkeys  have  increased  resistance  to 
infection  with  Plasmodium  falciparum,  while  the  remaining  6 
karyotypes,  although  variable  in  response,  are  susceptible. 
Expression  of  these  2  polymorphisms  by  some  owl  monkeys  and  not 
others  suggested  that  specific  serum  electropherograms  possibly 
could  be  associated  with  given  karyotypes.  Consequently,  defi¬ 
nition  of  the  electrophoretic  pattern  for  each  ov/1  monkey  karyo¬ 
type  would  provide  a  rapid  and  simple  means  of  ascertaining  the 
karyotype  of  individual  monkeys,  as  well  as  provide  an  indicator 
system  of  susceptibility  of  each  individual  to  malarial  infec¬ 
tion.  The  purposes  of  this  study  were  to:  (1)  determine  the 
serum  protein  composition  for  owl  monkeys  with  known  karyotypes, 
(2)  examine  the  correlation  of  specific  electropherograms  with 
one  or  more  karyotypes,  and  (3)  analyze  the  genetic  basis  for 
serum  polymorphisms ■ in  owl  monkeys  using  data  obtained  for  adult 
monkeys  and  their  offspring.  Preliminary  data  previously  re¬ 
ported  were  incorporated  into  this  study  (16). 

Sera  from  238  owl  monkeys  of  known  karyotype  were  examined  by 
cellulose  acetate  electrophoresis  using  the  Gelnan  Sepratek 
system.  Marker  animals  were  selected  to  use  as  standards  for 
comparison. 

Cisalbuminemia  was  observed  for  75  of  the  monkeys,  while  the 
remaining  163  monkeys  had  only  1  albumin  fraction.  Examination 
of  the  electropherograms  for  the  monkeys  exhibiting  single 
albumin  fractions  showed  that  migration  of  the  albumin  for  109 
of  the  monkeys  corresponded  to  the  albumin  fraction  of  bisalbu- 
minemic  monkeys  with  the  faster  electrophoretic  mobility  (desig¬ 
nated  fast  albumin).  Migration  of  the  albumin  of  the  remaining 
54  monkeys  coincided  with  the  mobility  of  the  slower  albumin 
fraction  of  the  bisalbuminemic  monkeys.  The  total  concentration 
of  serum  albumin  for  monkeys  with  bisalburninemia  was  similar  to 
the  concentrations  detected  for  monkeys  having  a  single  albumin 
fraction.  Concentrations  of  the  fast  and  slow  albumins  in 
bisalbuminemic  monkeys  were  approximately  equal. 

Distribution  of  the  serum  albumin  phenotypes  among  the  differ- 
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ent  karyotypes  is  shown  in  Table  2.  Single  fast  or  slow  albumin 
fractions  or  both  fractions  were  observed  among  222  owl  monkeys 
of  karyotypes  I ,  II ,  III ,  or  IV.  Of  these  monkeys,  109  (49%) 
only  had  fast  albumin  and  38  (17%)  only  had  slow  albumin. 
Bisalbuminemia  was  detected  in  75  of  the  222  (38%)  monkeys,  and 
occurred  in  monkeys  of  karyotypes  II,  III,  and  IV.  The  absence 
of  bisalbuminemia  among  monkeys  of  karyotype  I  was  an  unexpected 
finding  since  the  fast  and  slow  albumins  occur  independently. 
Examination  of  progeny  derived  from  mating  fast  albumin  karyo¬ 
type  I  monkeys  with  slow  albumin  monkeys  should  clarify  this 
discrepancy,  as  the  offspring  would  be  expected  to  have  both 
albumin  fractions.  A  total  of  16  monkeys  of  karyotypes  V,  VI, 
and  VII  expressed  only  the  slow  albumin.  Electrophoretic 
separation  of  serum  proteins  of  progeny  derived  from  various 
matings  demonstrated  that  albumin  polymorphism  was  controlled 
genetically  in  owl  monkeys  (Table  3).  These  data  are  consistent 
with  similar  observations  made  previously  for  man  (17)  and 
other  species  (18)  where  bisalbuminemia  has  been  shown  to  be 
related  to  expression  of  codominant  autosomal  alleles. 

Three  alpha  globulins  were  observed  in  29  monkeys  of  karyotypes 
I  and  VII  (Table  2).  The  remaining  209  monkeys  (karyotypes  II, 
III,  IV,  V,  VI)  had  only  the  2  commonly  defined  alpha  globulins. 
The  third  globulin  exhibited  faster  electrophoretic  mobility 
than  the  other  2.  Using  standard  nomenclature,  the  2  common 
alpha  globulins  are  designated  alpha  1  (fast)  and  alpha  2  (slow); 
therefore,  the  third  alpha  globulin  was  termed  "fast  alpha" 
in  lieu  of  "alpha  3"  by  virtue  of  its  electrophoretic  mobility. 

Each  of  the  29  owl  monkeys  exhibiting  fast  alpha  globulin  were 
of  karyotypes  I  and  VII.  !lone  of  the  monkeys  of  the  other  5 
karyotypes  exhibited  this  trait.  Four  hybrid  progeny  were 
obtained  by  mating  monkeys  of  karyotype  I  with  monkeys  of  karyo¬ 
types  II,  III,  V,  and  VII.  All  4  hybrid  progeny  expressed  fast 
alpha  globulin.  Although  the  number  of  animals  was  small, 
these  observations  suggested  that  expression  of  fast  alpha 
globulin  was  a  dominant  genetic  trait. 

Although  albumin  and  alpha  globulin  polymorphisms  occur  with 
different  frequencies  among  the  owl  monkey  karyotypes,  the 
karyotype  of  an  individual  monkey  can  not  be  ascertained  by 
serum  electrophoresis.  Expression  of  fast  alpha  globulin  may 
prove  to  be  of  value  in  predicting  the  susceptibility  of  indi¬ 
vidual  monkeys  to  malarial  infection.  Confirmation  of  this 
potential,  however,  must  await  completion  of  additional  serum 
electrophoretic  studies  of  hybrid  monkeys,  followed  by  subse¬ 
quent  infectivity  analyses. 
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5.  Definition  of  the  estrous  cycle  of  owl  monkeys. 


Different  methods  of  analysis  have  been  employed  to  define  the 
length  of  the  estrous  cycle  in  owl  monkeys  (16,19).  Examin¬ 
ation  of  vaginal  smears  obtained  daily  for  cytologic  alterations 
indicated  the  length  of  the  cycle  to  be  14+4  days  (19),  The 
data  were  inconclusive,  however,  since  only  13  cycles  were 
observed  in  28  female  monkeys  over  a  1  year  study  period.  Diffi¬ 
culty  in  recognizing  the  different  estrous  cycle  stages  princi¬ 
pally  was  attributable  to  the  minimal  alterations  Aotus  vaginal 
epithelium  undergoes  during  estrous  as  compared  with  other 
species  (19).  In  a  second  study,  serum  estrogen  levels  were 
quantified  and  plotted  for  5  adult,  female  monkeys  over  a  2 
month  period  (16).  Sera  were  obtained  from  each  monkey  twice 
or  thrice  per  week  and  were  assayed  for  esterone  and  estradiol 
by  radioimmunoassay.  One  of  the  5  monkeys  had  alternating  high 
and  low  levels  of  esterone  and  estradiol  at  periodic  intervals, 
indicating  the  occurrence  of  regular  estrous  cycles.  The  time 
intervals  between  4  of  the  estradiol  peaks  was  17,  17,  and  14 
days.  Further  attempts  were  made  to  extend  and  confirm  these 
observations  by  quantifying  and  plotting  serum  progesterone 
levels  in  female  owl  monkeys. 

In  the  initial  study,  serum  samples  were  obtained  from  6  female 
owl  monkeys  twice  per  week  for  2  months.  One  of  the  monkeys 
was  the  female  that  had  exhibited  marked  cyclical  changes  in 
esterone  and  estradiol  concentrations  (16),  while  the  remaining 
5  monkeys  had  never  been  used  for  test  purposes.  Sera  were 
assayed  for  progesterone  by  radioimmunoassay  (performed  at 
National  Institute  of  Child  Health  and  Human  Development, 
Bethesda,  MD).  Two  of  the  6  monkeys  had  cyclical  changes  in 
progesterone  levels,  with  concentrations  less  than  10  ng/ml 
at  the  nadir  followed  by  40  to  80  ng/ml  at  the  zenith.  Time 
intervals  between  peak  values  ranged  from  5  to  14  days.  The 
mean  for  12  time  intervals  was  9+^3  days.  These  data,  there¬ 
fore,  suggested  the  duration  of  the  estrous  cycle  for  owl 
monkeys  was  significantly  less  than  observed  previously  (16,19). 
Progesterone  levels  measured  for  the  remaining  4  monkeys  were 
erratic,  precluding  interpretation. 

A  second  study  was  initiated  after  the  observation  of  a  9  day 
estrous  cycle,  the  purposes  of  which  were  to  evaluate  the 
daily  changes  in  progesterone  levels  and  to  further  define  the 
length  of  the  estrous  cycle.  Sera  from  6  female  monkeys  were 
obtained  daily  for  10  to  17  days,  and  were  assayed  for  proges¬ 
terone  by  radioimmunoassay  (performed  by  Hazelton  Laboratories, 
Inc.,  Vienna,  VA).  Again,  a  broad  range  was  observed  with  a 
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low  of  3  ng/ml  to  a  high  of  244  ng/ml ,  Two  of  the  monkeys  had 
progesterone  levels  in  excess  of  200  ng/ml  in  each  of  3  succes 
sive  serum  samples.  Although  a  complete  cyclical  pattern  was 
not  observed  for  any  of  the  6  monkeys,  definite  upward  and/or 
downward  trends  were  noted.  The  absence  of  definitive  estrous 
cycles  undoubtedly  was  attributable  to  the  brevity  of  the 
duration  of  sampling  and  the  asynchrony  of  estrous  among  the 
monkeys  examined. 

The  levels  of  progesterone  observed  for  the  owl  monkeys  were 
higher  than  was  expected  because  serum  concentrations  in  Old 
World  monkeys  during  the  luteal  phase  of  the  cycle  only  attain 
a  level  of  5  to  8  ng/ml  (20).  The  principal  limitation  to 
studies  requiring  serum  analyses  is  the  volume  of  blood  that 
can  be  withdrawn  at  each  interval  and  over  a  prolonged  period 
from  an  owl  monkey  without  causing  detrimental  effects.  The 
size  of  owl  monkeys  places  strict  constraints  on  this  limita¬ 
tion.  Thus,  only  one  steroid  assay  can  be  accomplished  with 
the  serum  volume  obtainable  at  each  bleeding  interval. 
Preferably  assays  for  estrogens,  progesterone,  and  luteinizing 
hormone  would  be  performed  using  the  same  serum  samples.  Fre¬ 
quent  handling  may  result  in  alterations  or  deviations  in 
the  normal  estrous  cycle,  which  would  account  for  the  few 
monkeys  exhibiting  complete  estrous  cycles  throughout  these 
investigations  and  each  of  the  2  previous  studies  (16,19). 
Consequently,  the  number  of  monkeys  included  in  any  study  of 
the  estrous  cycle  must,  by  necessity,  be  at  least  3-fold 
greater  than  the  needed  number  of  monkeys  exhibiting  cyclical 
patterns. 
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Fig  1.  Patterns  (Mean  +  1  S.D.)  of  chorionic  gonadotropin 
excretion  in  urine  of  five  pregnant  owl  monkeys  as  measured 
by  radioimmunoassay.  Shaded  area  illustrates  interval  over 
which  94%  of  all  SPPT  responses  were  positive.  Fractions 
(at  bottom)  indicate  the  number  of  positive  SPPT  results 
over  the  total  number  of  specimens  tested  each  week  through¬ 
out  pregnancy.  The  estimated  time  of  fertilization  was 
based  on  preliminary  observations  made  during  a  vaginal 
cytology  study  (Hall,  unpublished).  I.U.  equals  one 
International  Unit  of  Human  Chorionic  Gonadotropin. 
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Not  applicable. 


Table  3.  Distribution  of  Serum  Albumin  Phenotypes  Among 
38  Progeny  from  Various  Matings  of  Owl  Monkeys 


Phenotype  of 
parents 

Phenotype  of  progeny 

FF" 

Fs' 

SS^ 

FF  X 

FF 

9 

t 

FF  X 

FS 

7 

10 

FF  X 

SS 

1 

FS  X 

FS 

1 

4 

1 

FS  X 

SS 

2 

2 

SS  X 

SS 

1 

^FF  =  fast  albumin  fraction 

^FS  =  double  albumin,  both  fast  and  slow  albumin  fractions 

r 

SS  =  slow  albumin  fraction 


RESEARCH  AND  TECHNOLOGY  WMK  UNIT  SUNMARY 


t  DATE  »MV  tuM'av 

77  10  01 


comrmoL  irmmL 

DDDKhe(Af<)tJ» 


Y  I  Tl  C  CN'aY**  •*«*  (•cv'lfR  Ca*r 

U)  Biochemical  and  ImmunoIoHlcal  Characteriz 


SCICMTiriC  AMP  rCCHNOLOOICAl  AftCAt* 

010100  Microbiology 


.rv-o.p,,. (|)),Sirurlurt-Fun<tion  Relationship: 

_(ll)St  rurt  iire-AiU  itjeiii  cj^tj  _Ke)  at  innsh  jj)_  _  _ _ _ 

t)  t  f  r.MMIC  AL  OSitC  TlWt  *  14  APMMO  ACM.  IS  PMObAI  VS  r  A«fn»«A  p«<aA>a^>  i40"IIIU^  Ar  pra'aN*  <aa<  ml  mmrh  vlfll  CtAaa(R<a<««<  C«Ma  ; 

Jl.  (U)  1.  Isolation  and  p»»ri  Meat  ion  of  s  nbee  1  I  ul  ar  components  responsible  for  elici¬ 
ting  irmniinological  protection;  2.  l-oi  a  1 1 /.a  t  ion  and  identification  of  surface  proteins 
that  affect  virulence;  3.  Antigenic  characterization  of  peripheral  proteins.  These 
.studies  will  aid  In  identification  of  rickettsial  strains  and  in  the  development  of 
inactivated  vaccines  capable  ol  protecting  troops  in  the  field. 

24.  (l>)  1.  Utilization  of  peripheral  rickettsial  macromolerules  as  experimental  immuno¬ 
gens.  2.  Rickettsial  purification  by  sinrose  or  potassium  tartrate  gradient  centrifu¬ 
gation  or  Isoelectric  focusing  iiK'liinds.  Analysis  of  proteins  by  polyacrylamide  gel 
elec  t  ropljores  is  and  Immunoe  lec  t  rnphores  is  witfi  specific  radiolabeling  by  extrinsic 
radiod ina t ion  or  sodium  borohydridc  reduction-  3.  Determin.jt ion  of  the  antigenic  inter¬ 
relationships  between  strains  of  scrub  typhus  ricketlsiae  by  a  plaque  reduction, 
complement  fixation,  imnamot  1  uoresrenl ,  c  rcfss-neut  ra  1  i  zal  i  on  ,  and  mouse  virulence  tests 
using  specific  an  t  i- r  i  ckc*  1 1  s  ia  1  antibody  prepared  from  plaque-purified  scrub  strains. 

25.  (U)  77  10  -  78  09  1,  Six  protc'ins,  previously  established  as  major  constituents  of 

Intact  organisms  were  idi'ntifjed  ju  cell  envelopes  of  R.  prowazekii.  TVo  proteins.  No. 

4  and  No.  1.  were  mc^s  t  perlpfiera]  and  probably  interact  with  the  immune  system  of  the 
host  -  2.  Extrinsic  radlolodinal  ion  faile'd  to  selectively  label  components  of  the  cell 
wall  of  R.  couorii  suggesting  ((‘ll  walls  of  spotted  fevi*r  organisms  have  a  different 
antigenic  topography  than  tfie  typhus  group.  3-  Extraction  of  soluble  antigen  from 
typhcjs  group  rickettsine  indicated  the  presenc'c  ol  all  proteins  except  No.  2,  which 
remains  associated  with  particulate  rickeltsiac'  and  may  contribute  to  the  species- 
specific  CE  antigen.  The  plaque  reduction  test  has  been  developed  and  Initial  homolo¬ 
gous  and  heterologous  plaque  reduction  tests  are  complete.  Results  indicate  the  test 
to  be  useful  for  strain  charactc*rizat  ion  and  comparisons.  For  technical  report  see 

of  Research  Annual  Progress  Report,  1  Oct  77  -  30  Sept  78. 
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Investigators . 

Principals:  Joseph  V.  Osterman,  Ph.D.;  LTC  David  Robinson, 
VC;  MAJ  Stanley  Oaks,  Jr.,  MSC 

Associates:  Christine  S.  Elsemann;  Janls  Campbell;  SP5 
John  Dewitt;  SP4  Matthew  Nypaver 

Description . 


The  peripheral  rickettsial  macromolecules  are  being  investi¬ 
gated  to  characterize  subrelliilar  components  potentially  impor¬ 
tant  in  establishing  rickettsial  infection  or  stimulating  an 
immunological  response  in  the  host,  to  study  the  relationships 
of  the  rlckettslae,  to  develop  new  serological  tests  for  diagno¬ 
sing  rickettsial  disease  and  to  assess  host  protection  to 
infection.  Also,  a  plaque  reduction  test  has  been  developed 
which  has  the  potential  for  discriminating  between  strains  of 
scrub  typhus  rickettsiae. 

Progress . 

I.  Surface  proteins  of  typhus  and  spotted  fever  group 
rickettsiae . 

The  proteins  of  Intact  rickettsiae  have  been  analyzed  by 
electrophoretic  techniques,  and  the  established  profiles  have 
been  used  for  identification  and  comparison  of  different  species 
of  rickettsiae  (1).  The  importance  of  these  proteins  to  the 
disease  process,  including  the  establishment  of  infection  and 
the  Immune  response  of  the  animal  host,  is  likely  to  be  dependent 
upon  their  morphological  location  in  the  organism.  Surface 
proteins,  especially  those  on  the  periphery  of  the  rickettsial 
cell  envelope,  are  most  accessible  to  the  Immune  system  of  the 
host  and  probably  constitute  the  major  antigenic  stimulus  for  a 
protective  humoral  or  cellular  response.  The  cell  envelope  of 
both  typhus  group  and  .spotted  fever  group  rickettsiae  is  the 
source  of  soluble  antigen  (2).  (a  peripheral,  group-specific 
antigen  Important  in  rickettsial  serology).  Polyacrylamide  gel 
electrophoresis  (PAGE)  of  soluble  antigen  obtained  from  R. 
rickettsii  indicated  the  antigen  was  complex  and  contained  at 
least  9  proteins  (2).  Further  studies  on  peripheral  proteins 
are  lacking,  and  without  reliable  identification  of  rickettsial 
cell  envelope  proteins  and  analysis  of  their  topographical 


relationship.  It  is  difficult  to  hypothesize  their  role  in 
rlckettslae-host  cell  interactions.  The  purpose  of  this  study 
was  to  identify  peripheral  proteins  by  two  different  approaches: 
1)  isolation  of  cell  envelopes  and  analysis  of  intrinsically 
radiolabeled  proteins,  and  2)  selective  peripheral  labeling  of 
intact  organisms  by  extrinsic  radlolodlnation. 

A.  Preparation  and  analysis  of  cell  envelopes. 

Intact  rickettslae  intrinsically  radiolabeled  with  adenine 
and  amino  acids  banded  uniformly  in  a  potassium  tartrate  density 
gradient  (Fig.  la).  Cell  envelopes,  prepared  by  disruption  in  a 
French  pressure  cell  were  less  dense  than  Intact  organisms  and 
were  devoid  of  adenine  (Fig.  lb).  Physical  differences  between 
Intact  rickettslae  and  cell  envelope  preparations  were  also 
evident  in  sucrose  velocity  gradients.  Intact  organisms  banded 
uniformly,  as  previously  reported  (1),  but  cell  envelopes  were 
unable  to  enter  a  similar  gradient  and  remained  at  the  meniscus. 
Thus,  the  cell  envelope  fraction  of  R.  prowazekll  was  easily  dis¬ 
tinguished  from  intact  organisms  by  gradient  centrifugation  pro¬ 
cedures,  contained  no  detectable  contaminating  whole  cells,  and 
was  used  as  an  enriched  source  of  peripheral  proteins. 

B.  Protein  composition  of  cell  envelopes. 

PAGE  of  intrinsically  radiolabeled  cell  envelope  showed  a 
migration  pattern  very  similar  to  intact  rickettslae  (Fig.  2). 

The  6  major  proteins  of  prowazekll ,  previously  identified  and 
characterized  as  components  of  Intact  organisms  (1)  were  also 
prominent  in  the  gel  pattern  of  cell  envelopes.  These  data 
established  the  morphological  location  of  the  major  proteins, 
but  the  intrinsic  labeling  technique  could  not  discriminate 
their  relative  location  in  the  cell  envelope.  A  selective 
peripheral  labeling  technique  was  required  to  identify  the 
outermost  proteins  of  the  rickettsial  cell  envelope.  Since 
radlolodlnation  techniques  often  rely  on  substitution  reactions 
involving  tyrosine,  we  examined  the  6  major  proteins  for  the 
presence  of  this  amino  acid  prior  to  initiating  extrinsic  label¬ 
ing  studies.  The  PAGE  pattern  obtained  after  intrinsic  radio- 
labeling  of  R.  prowazekll  with  tyrosine  is  shown  in  Fig. ‘3  and 
compared  to  the  protein  labeling  obtained  with  the  mixture  of 
radioactive  amino  acids.  Althovigh  there  is  a  relative  dimunition 
in  tyrosine  labeling  of  proteins  1  and  2,  and  a  relative  increase 
in  tyrosine  labeling  of  proteins  3  and  4,  it  was  evident  that 
none  of  the  major  proteins  were  either  devoid  of  tyrosine  or 
heavily  enriched  in  this  amino  acid. 
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FRACTION  NUMBER 


Sedimentation  of  intact  rickettsiae  and  cell  envelopes 
in  potassium  tartrate  density  gradients.  (a)  intact 

R,  prowazekii  labeled  with  'n  adenine  (o - o)  and 

amino  acids  (• - •) ;  (b)  cell  envelopes  prepared 

from  dually  labeled  organisms. 


C.  Radiolodination  of  intact  rlckettsiae. 


Rickettsiae  were  radiolodlnated  by  either  the  chloramlne-T 
or  lactoperoxidase  technique,  sedimented  in  sucrose  velocity 
gradients  to  remove  free  iodine,  then  examined  by  the  PAGE 
procedure.  Fig.  4a  Indicates  the  gel  pattern  observed  after 
labeling  R.  prowazekli  by  both  techniques  with  0.5  radloiodlne. 
Proteins  1  and  4  were  selectively  labeled,  although  the  latter 
component  exhibited  substantially  greater  Incorporation  of  iso¬ 
tope  regardless  of  which  technique  was  used  to  couple  iodine  to 
cell  envelope  proteins.  Reduction  in  the  concentration  of  radio¬ 
active  iodine  diminished  the  amount  of  Isotope  Incorporation,  but 
did  not  change  the  labeling  pattern.  If  the  concentration  of 
radioactive  iodine  was  held  constant,  but  the  total  iodide  con¬ 
centration  was  Increased  ten-fold,  the  labeling  of  protein  1  was 
more  pronounced,  and  protein  2  was  also  accessible  for  radio¬ 
lodination  (Fig.  4b).  Further  Increase  in  total  iodide  concen¬ 
tration  to  50  iuM,  with  the  radioactive  iodine  held  constant,  pro¬ 
duced  the  PAGE  pattern  shown  in  Fig.  4c.  At  this  concentration 
of  iodide,  all  6  major  cell  envelope  proteins  were  labeled  regard¬ 
less  of  lodlnatlon  method  employed.  Preferential  labeling  of 
protein  4  was  abolished  and  the  quantitative  labeling  pattern  of 
proteins  1,  2,  4,  5,  and  6  resembled  that  observed  with  intrinsic 
radiolabeling.  Protein  3  was  poorly  labeled  by  either  radloiodl- 
natlon  technique  when  compared  to  intrinsic  labeling  patterns 
(Figs.  2  and  3).  Intact  spotted  fever  group  organisms  were  also 
extrlnslcally  labeled  with  radloiodlne,  but  unlike  the  typhus 
rlckettsiae,  selective  labeling  was  not  achieved  at  the  lower 
iodine  concentration.  Gel  patterns  of  R.  conorii  obtained  with 
organisms  radiolodlnated  at  both  0.5  /iM  and  50  yuM  iodide  were 
similar  to  those  previously  obtained  (1)  with  rlckettsiae  intrin¬ 
sically  radiolabeled  with  amino  acids. 

D.  Intrinsic  labeling  of  carbohydrates. 

The  cell  envelope  fraction  of  typhus  group  rlckettsiae  con¬ 
tains  carbohydrates  comprised  of  several  sugars,  including 
galactose  (3),  and  it  was  of  interest  to  determine  which  of  the 
6  major  cell  envelope  proteins  were  associated  with  carbohydrates. 
R.  prowazekli  was  intrinsically  labeled  with  (^H)  galactose  and 
co-electrophoresed  with  rlckettsiae  radiolabeled  with  amino 
acids.  The  gel  pattern  shown  in  Fig.  5a  indicates  that  galactose 
incorporation  was  selective  and  that  the  three  labeled  macro¬ 
molecules  migrated  at  the  same  rate  as  proteins  1,  3,  and  4. 

R.  conorii  was  also  intrinsically  radiolabeled  with  (^H)  galactose 
and  analyzed  by  PAGE  (Fig.  5b).  The  results  were  essentially 
identical  to  those  observed  with  typhus  rlckettsiae;  sugar  label¬ 
ing  was  restricted  to  3  mac romo 1 eciiles  which  co-mlgrated  with 
R.  conorii  proteins  1,  ),  and  4. 
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E.  Soluble  antigiin. 


Intact  typhus  rlckettslae,  labeled  with  0.5 >uM  radioiodine 
at  a  final  iodide  concentration  of  50  ^  were  extracted  with 
diethyl  ether  and  the  soluble  antigen  examined  by  PAGE.  Fig.  6 
indicates  that  the  soluble  antigen  contained  5  of  the  6  major 
cell  envelope  proteins.  Protein  2  was  not  detected  in  soluble 
antigen,  although  gels  of  the  re.sidual  corpuscular  antigen  remain¬ 
ing  after  ether  extraction  revealed  this  protein  had  been  effect¬ 
ively  labeled.  This  study  clearly  demonstrated  that  the  6  major 
proteins  identified  after  PAGE  of  intact  R.  prowazekli  (1)  are 
located  within  the  cell  envelope  fraction  of  the  organism.  Other 
workers  have  demonstrated  that  rickettsial  cell  envelopes  con¬ 
stitute  approximately  20%  of  the  dry  weight  of  Intact  organisms 
(3),  and  we  anticipated  that  the  principal  components  of  Intact 
organisms  would  also  ho  prominent  in  the  gel  pattern  of  cell 
envelopes.  Tlie  tyrosine  content  of  each  of  these  proteins  was 
similar,  and  allowed  the  use  of  extrinsic  radlolodlnat ion  both  to 
increase  sensitivity  of  gel  analyses  and  to  explore  the  topograph¬ 
ical  relationship  of  cell  envelope  proteins.  Radioiodinatlon, 
performed  by  either  the  lactoijeroxidase  or  chloramlne-T  proced¬ 
ures,  yielded  similar  results  at  0.5  yuM  iodide  and  established 
that  protein  4  was  fully  accessible  for  labeling  and  was  there¬ 
fore  likely  to  be  the  outermost  protein  in  the  cell  envelope  of 
R .  prowazeki i . 


Minor  labeling  of  protein  1  also  occurred,  indicating  that 
some  reactive  sites  were  exposed  on  the  surface  of  the  rickettsiae. 
Incremental  increases  in  iodide  concentration  resulted  In  other 
cell  envelope  proteins  becoming  reactive  with  radioiodine.  More 
complete  labeling  of  protein  1  and  labeling  of  protein  2  was 
observed  with  a  10-foid  increase  in  iodide  concentration,  while 
proteins  3,  5  and  6  were  radiolabeled  after  a  100-fold  Increase 
in  iodide  concentration.  We  are  not  certain  of  the  effect  of 
iodide  on  the  protein  mosaic  of  the  rickettsial  cell  envelope, 
but  similar  selective,  concentration-dependent  labeling  has  been 
achieved  with  Rous-associated  virus  and  Influenza  virus.  The 
Influence  of  iodide  concentration  on  the  extent  and  specificity 
of  radioiodine  labeling  by  he  chloramlne-T  method  has  been  attri¬ 
buted  to  kinetic  phenomena  and  the  formation  of  concentration- 
dependent  hydrophobic  or  hydrophilic  lodinating  species.  The 
effect  of  iodide  concentration  on  lac toperox idase  labeling  has 
received  less  attention,  although  it  is  clear  that  low  iodide 
concentration  promoted  peripheral  labeling  of  enveloped  viruses. 

In  this  study,  as  well  as  in  a  study  of  influenza  virus,  iodide 
concentrations  equal  to,  or  excc'eding  50  ^iM  affected  the  access¬ 
ibility  of  proteins  to  t  iu“  surface  c.atalyzed  enzyme  labeling 
reaction  mediated  by  I  actonernx  i  dasi' .  Regardless  of  wliether 


changes  in  rickettsial  labeling  were  due  to  the  increased  hydro¬ 
philic  nature  of  the  reactive  iodine  complex,  or  due  to  perturba¬ 
tion  of  cell  envelope  morphology  with  increased  accessibility  of 
lactoperoxidase,  we  feel  that  the  concentration-dependent  iodide 
labeling  technique  provides  a  sensitive  probe  for  determining  the 
topographical  orientation  of  cell  envelope  proteins.  However, 
the  specificity  of  labeling  observed  with  R.  prowazekii  was  not 
seen  with  the  spotted  fever  group  organism  studied. 

Over  ten  separate  experiments  were  conducted  to  verify  the 
uniform  labeling  of  R.  conori 1  at  both  0.5  /uM  and  50  /jM  iodide. 

We  feel  that  there  is  a  fundamental  difference  in  the  array  of 
proteins  in  the  cell  envelope  of  typhus  and  spotted  fever  group 
organisms.  On  the  other  hand,  galactose  labeling  of  rlckettslae 
produced  uniform  gel  patterns  with  both  typhus  and  spotted  fever 
group  organisms.  Proteins  1,  3,  and  4  appeared  to  be  specifically 
associated  with  carbohydrates,  although  similar  migration  in  gels 
is  only  suggestive  evidence  that  these  macroinolecules  are  glyco¬ 
proteins.  It  was  significant  that  these  same  proteins  were  major 
components  of  soluble  antigen  since  Frygin  (4)  has  demonstrated 
the  presence  of  glycoprotein  in  soluble  t.icigen  obtained  from 
prowazekii ■  Other  studies  (see  paragraph  II)  concerned  with 
a  serologically  reactive  fraction  derived  from  soluble  antigen 
also  indicated  a  constant  association  of  protein  and  carbohydrate 
after  various  separative  procedures,  again  suggesting  the  presence 
of  glycoproteins.  The  protein  composition  of  typhus  soluble 
antigen  Included  proteins  1,  3,  4,  5,  and  6.  Thus,  soluble 
antigen  was  comprised  of  all  major  cell  envelope  proteins  except 
protein  2.  We  did  not  examine  soluble  antigen  from  R.  conoril 
since  a  spotted  fever  antigen  had  been  carefully  examined  by 
Tzlanabos  e^  ajl  (2).  It  is  important  to  note,  however,  that 
R.  rlcket tsii  soluble  antigen  analyzed  by  them  on  polyacrylamide 
gels  was  also  devoid  of  a  major  protein  (protein  2  in  the  nomen¬ 
clature  of  this  laboratory).  It  is  possible  that  protein  2  may 
contribute  to  the  species-specific  complement-fixation  antigen 
that  is  prepared  by  extensive  washing  of  rlckettslae  to  remove 
soluble  antigen.  The  identification  of  protein  4  as  a  peripheral 
protein  in  the  cell  envelope  of  R.  prowazekii ,  its  preliminary 
characterization  as  a  glycoprotein  and  its  contribution  to  typhus 
soluble  antigen  suggest  that  further  study  is  warranted  to 
determine  its  role  in  rlcket tsiae-host  interactions. 

II.  Rickettsial  indirect  hemagglutination  test:  isolation 
of  erythrocyte-sensitizing  substance. 

The  Indirect  hemagglutination  (IHA)  test  for  human  antlho..les 
to  typhus  and  spotted  fever  group  rickettsiae  has  received  renewed 
attention  because  of  favorable  results  obtained  in  rickettsial 
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diagnostic  studies  comparing  this  technique  with  other  serolog¬ 
ical  procedures  such  as  the  complement-fixation,  ralcroagglutl- 
natlon,  immunofluorescence  and  Weil-Felix  tests  (5).  The  IHA 
procedure  is  technically  uncomplicated  and  practicable  for  routine 
diagnostic  use,  particularly  when  glutaraldehyde-stablllzed 
erythrocytes  are  used  as  a  carrier  for  rickettsial  antigen  (5). 
However,  the  nature  of  this  antigen,  termed  erythrocyte-sensiti¬ 
zing  substance  (ESS),  remains  obscure.  Originally,  the  prepara¬ 
tive  technique  for  ESS  employed  a  preliminary  ether  extraction 
of  Infected  yolk  sacs  to  partially  purify  the  rickettsiae, 
followed  by  treatment  with  hot  alkali  to  produce  an  antlgenlcally 
reactive  substance  that  would  adhere  to  red  blood  cells  (6). 

More  recently,  ESS  has  been  prepared  from  rickettsiae  propagated 
in  tissue  culture  and  subsequently  purified  by  sucrose  gradient 
centrifugation.  The  source  of  ESS  has  been  localized  in  the  cell 
envelope  fraction  of  rickettsiae,  but  its  relationship  to  other 
serological  reagents  believed  to  be  derived  from  the  rickettsial 
cell  envelope  is  obscure.  The  purposes  of  this  investigation  were 
to:  1)  Identify  and  quantify  ESS-precursor  and  ESS  in  rickettsial 
extracts;  2)  determine  the  physical  and  antigenic  relationship 
between  ESS  and  rickettsial  complement-fixation  antigens  and; 

3)  determine  the  chemical  nature  of  serologically  reactive  com¬ 
ponents  of  ESS. 

A.  Extraction  of  ESS-precursor  with  diethyl  ether. 

Rickettsial  suspensions  prepared  as  aqueous  dilutions  of 
infected  yolk  sacs,  can  be  partially  clarified  by  treatment  with 
diethyl  ether,  which  solubilizes  some  yolk  sac  lipids  in  the  or¬ 
ganic  phase.  After  pha.se  separation,  the  aqueous  layer  is  known 
to  contain  particulate  rickettsiae,  a  soluble  group-specific 
antigen  reactive  in  the  CF  test,  and  a  precursor  substance  which 
yields  ESS  after  treatment  with  hot  alkali.  It  was  of  Interest 
to  determine  if  ESS-precursor  remained  bound  to  rickettsiae 
during  ether  extraction  or  was  released  in  a  soluble  form. 
Rickettsiae  were  subjected  to  either  short  multiple  extractions 
or  a  lengthy  single  extraction  with  diethyl  ether  at  26C.  The 
aqueous  phase  was  separated  into  particulate  and  soluble  com¬ 
ponents  by  centrifugation  at  12.000  x  g  for  60  min  at  4C.  Each 
component  was  treated  with  hot  alkali,  dialyzed,  and  assayed 
for  ESS  content  by  a  modified  IHA  technique.  Table  1  shows  that 
approximately  50%  of  tne  ESS-precursor  was  extracted  from 
R.  prowazekil  after  5  min  exposure  to  ether.  Neither  single, 
long-term  exposure  to  tlie  solvent,  nor  multiple,  short-term 
extractions  achieved  complete  solubilization.  Therefore,  5  min 
extraction  at  26C  was  used  in  all  further  studies  for  preparation 
of  ESS-precursor. 


Table  1.  Comparison  of  ESS-precursor  recovery  after  single  or 
multiple  extractions  of  typhus  rickettslae  with 
diethyl  ether. 

Length 

of  extraction 

Fraction 

5  min 

24  h 

Aqueous  supernatant  from 
first  extraction 

4,096® 

4,352^ 

Aqueous  supernatant  from 
second  extraction 

1,760 

— 

Aqueous  supernatant  from 
third  extraction 

408 

— 

Corpuscular  material 

928 

4,096 

remaining  after 
extraction 


Fractions  were  treated  with  hot  alkali,  dialyzed,  and  assayed 
for  ESS  activity  by  the  modified  IHA  technique.  ESS  quantifica¬ 
tion  compensated  for  the  total  volume  of  the  fraction. 


B.  Physical  relationship  of  soluble  CF  antigen  and 
ESS-precursor . 

The  soluble,  aqueous  phase  material  derived  from  diethyl 
ether  extraction  of  infected  yolk  sacs  was  concentrated  lOX  by 
TCA  precipitation,  adjusted  to  pH  7.2.  layered  onto  a  potassium 
tartrate  density  gradient  and  centrifuged  at  148,000  x  g  for 
45  h  at  4C.  Figure  7  shows  that  soluble  CF  antigen  sedimented 
as  two  discrete  components,  one  banding  sharply  at  fractions 
8-10,  and  the  other  more  broadly  at  fractions  25-37.  No  ESS 
activity  was  demonstrable  in  any  untreated  fraction  of  the 
gradient.  Fractions  were  pooled  as  shown  by  the  brackets  in 
Fig.  7,  dialyzed  to  remove  the  anticomplementary  potassium  tar¬ 
trate,  retested  for  CF  activity,  treated  with  hot  alkali,  dialy¬ 
zed,  and  assayed  for  ESS  by  the  modified  IHA  technique.  Table  2 
indicates  the  CF  and  modified  IHA  reactivity  of  these  pools 
before  and  after  treatment  with  NaOH  It  Is  apparent  that  ESS 
was  obtained  only  from  those  fractions  of  the  gradient  which 
exhibited  CF  activity.  Particulate  rickettslae.  pelleted  from 
tbe  aqueous  phase  after  ether  extraction,  were  also  analyzed  on 
a  potassium  tartrate  gradient.  A  single  band  of  CF  antigen  was 
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Fig.  7  Sedimentation  of  soluble,  complement-fixing  rickettsial 
antigen  from  R.  prowazekii  in  a  potassium  tartrate 

density  gradient  o - o;  complement-fixation  tlter^; 

anticomplementary  activity.  Brackets  and  associated 
numbers  identify  fractions  which  were  pooled  for 
subsequent  analysis. 

observed, at  fractions  8-12  (Fig.  8).  This  band  was  the  only 
portion  of  the  gradient  which  evidenced  ESS  activity  after 
treatment  with  hot  alkali  (Table  2).  Similar  results  were 
obtained  when  R.  Conor 1 i  was  extracted  with  diethyl  ether  and 
the  soluble  and  particulate  aqueous  phase  antigens  were  centri¬ 
fuged  in  potassium  tartrate  gradients.  Although  particulate 
rickettslae  and  the  denser  components  of  soluble  antigen  banded 
in  a  similar  region  of  the  potassium  tartrate  gradient  after 
equilibrium  centrifugation,  there  were  clear  differences  in 
their  physical  properties.  The  particulate,  ether-extracted 
rlckettsiae  sedimented  in  a  sucrose  velocity  gradient,  while  the 
soluble  antigen  did  not  enter  a  similar  sucrose  gradient  and  all 
detectable  CF  activity  remained  at  the  meniscus.  The  particulate 
and  two  soluble  CK  antigens  possessed  physical  properties  that 
enabled  them  to  be  separatei)  by  either  density  or  velocity 
gradient  centrifugation.  In  order  to  determine  if  the  ES.S 
derived  from  these  CF  antigens  was  similarly  distinct,  samples 
were  centrifuged  to  equilibrium  in  potassium  tartrate  gradients. 
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Fig.  8  Sedimentation  of  ether-extracted,  particulate,  complement¬ 
fixing  rickettsial  antigen  from  prowazekll  In  a 

potassium  tartrate  density  gradient,  o - o 

complement-fixation  titer;  0  anticomplementary 
activity.  Brackets  and  associated  numbers  Identify 
fractions  which  were  pooled  for  subsequent  analysis. 


Figure  9  demonstrates  that  ESS  derived  from  particulate  CF 
antigen,  each  soluble  CF  antigen  and  crude  aqueous  phase 
rickettslae  all  sedimented  chiefly  as  a  broad,  diffuse  band 
In  the  center  of  the  gradient.  This  sedimentation  profile  was 
observed  with  ESS  derived  from  the  CF  antigen  of  both  R.  prowazekll 
and  R.  conorll .  A  small  peak  of  ESS  activity  at  fractions  5-7 
was  routinely  observed  after  alkali  treatment  of  ether-extracted 
particulate  organisms.  Based  on  the  sedimentation  profile  of 
ether-extracted  rickettslae  in  potassium  tartrate  gradients 
(Fig.  8),  this  small  peak  of  activity  may  represent  particulate 
material  from  which  ESS  was  incompletely  solubilized  by  hot 
alkali.  ESS  purified  by  this  gradient  technique  was  susceptible 
to  Inactivation  by  potassium  tartrate.  A  peak  of  ESS  containing 
353  units  of  serological  activity,  as  assayed  by  the  modified 
IHA  test,  became  completely  unreactive  after  A  h  at  26C  or  24  h 
at  4C.  The  loss  of  reactivity  was  not  observed  when  crude  ESS 
was  mixed  with  a  similar  concentration  of  potassium  tartrate. 
Purified  ESS  could  be  protected  from  inactivation  by  the  addition 
of  bovine  plasma  albumin  at  a  tinal  concentration  of  4  mg/ml. 


Fig.  9  Sedimentation  in  potassium  tartrate  density  gradients 
of  ESS  derived  from  various  complement-fixing  antigens 

of  R.  prowazeki i .  A - A  soluble  CF  antigen  pool  2; 

A - A  soluble  CF  antigen  pool  4;  o - o  ether-extracted 

particulate  CF  antigen;  • - •  crude  aqueous  phase 

rlckettsiae. 


C.  Antigenic  relationship  of  soluble  CF  antigen  and 

ESS. 

It  appears  that  ESS  was  derived  from  CF  antigens,  and  that 
alkali  treatment  converted  discrete  CF  components  to  substances 
which  were  Indistinguishable  from  each  other  in  a  potassium 
tartrate  gradient.  We  investigated  the  antigenic  relationship 
between  ESS  and  its  precursor  substances  through  use  of  an  IHA 
Inhibition  test.  A  reference  typhus  antiserum  with  a  titer  of 
4,096  in  the  IHA  test  was  incubated  with  soluble  typhus  CF 
antigen  for  1  h,  then  free  antibody  was  quantified  in  the  IHA 
test.  The  titer  was  reduced  to  4.  although  a  control  preparation 
of  spotted  fever  soluble  CF  antigen  iiad  no  effect  on  the  IHA 
titer.  Five  different  lots  of  typhus  soluble  CF  antigen  were 
tested,  with  each  showing  similar  results.  We  also  attempted 
to  use  typhus  ESS  to  inhibit  the  interaction  of  typhus  solubli' 

CF  antigen  and  human  antibody.  We  reasoned  that  if  ESS  was 
able  to  Interact  with  antibodies  directed  against  CF  antigens. 
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but  was  unable  to  fix  compfement,  then  the  addition  of  ESS  to  a 
reference  antiserum  prior  to  Introduction  of  soluble  antigen 
should  result  in  a  reduction  of  the  CF  titer  of  the  serum.  These 
experiments  were  difficult  to  Interpret  because  we  found  that 
after  incubation  of  ESS  with  human  immune  serum,  and  subsequent 
introduction  of  complement  and  soluble  CF  antigen,  the  indicator 
system  was  unreliable.  ESS  attached  to  hemolysin-sensitized 
srbc  and  caused  partial  agglutination  which  obscured  the  normal 
CF  pattern.  In  addition,  separate  experiments  indicated  that 
normal  erthrocytes  with  typhus  ESS  attached  were  lysed  in  the 
presence  of  typhus  immune  serum  and  complement. 

D.  Chemical  characteristics. 

The  chemical  nature  of  ESS  was  determined  by  two  different 
approaches:  1)  examination  of  ESS  obtained  from  rlckettslae 

grown  in  tissue  culture  and  Intrinsically  radiolabeled  with^^C 
amino  acids  or  galactose  and,  11)  quantification  of  carbo¬ 
hydrate  and  protein  by  colorimetric  techniques  after  density 
gradient  purification  of  ESS  obtained  from  yolk  sac  propagated 
organisms.  The  radioactive  profile  shown  in  Fig.  10  illustrates 
the  results  of  centrifuging,  in  the  same  potassium  tartrate 
gradient,  ESS  obtained  from  rlckettslae  radiolabeled  with  amino 
acids  or  galactose.  Three  peaks  of  radioactivity  were  observed, 
but  as  expected,  only  two  peaks,  banding  at  fractions  9-12  and 
26-35,  exhibited  E^S  activity.  Rickettsial  antigen  sedimenting 
in  these  regions  of  the  gradient  Incorporated  both  radiolabeled 
galactose  and  amino  acids.  It  is  also  clear  that  the  potassium 
tartrate  gradient  separated  ESS  from  serologically  unreactive 
material  which  banded  at  fractions  37-54.  Similar  results  were 
achieved  with  ESS  obtained  from  radiolabeled  R.  cojmj'll.  A 
chemical  analysis  of  ESS  by  colorimetric  techniques  also  indi¬ 
cated  the  presence  of  both  carbohydrate  and  protein.  In  order 
to  obtain  sufficient  material  for  chemical  analysis,  soluble 
antigen  obtained  by  ether  extraction  of  typhus  rlckettslae  was 
TCA  precipitated.  This  step  resulted  in  a  20-fold  concentration 
of  CF  antigen,  which  was  treated  with  hot  alkali  and  centrifuged 
on  multiple  potassium  tartrate  gradients.  The  major  peak  of 
ESS  activity,  located  at  fractions  23-38  (see  Fig.  9).  was 
obtained  from  each  gradient,  pooled,  dialyzed  and  lyophlllzed. 
Wlien  resolubilized,  the  final  preparation  of  ESS  was  conr'entrated 
approximately  100-fold  from  the  original  ESS.  This  preparation 
contained  2.2  mg/ml  of  protein  and  12  mg/ml  of  carbohydrate. 

The  contribution  of  each  of  these  moieties  to  serological  react¬ 
ivity  was  determined  by  treating  samples  of  typhus  ESS  with 
trypsin  or  sodium  metaperiodate.  Table  3  shows  that  trypsin 
treatment  did  not  affect  either  binding  of  ESS  to  red  cells,  or 
the  subsequent  agglutination  of  sensitized  cells  by  immune  serum. 
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Fig.  10  Sedimentation  of  ESS  extracted  from  radiolabeled 

R.  prowazekll .  o - o  amino  acids;  • - 0 

galactose.  The  inset  ordinate  shows  the  ESS 
titer  of  radiolabeled  fractions  obtained  from  the 
potassium  tartrate  density  gradient. 

Periodate,  on  the  other  hand,  totally  ablated  serological 
reactivity  of  ESS  within  15  min.  Identical  data  were 
obtained  with  spotted  fever  ESS.  In  order  to  separately 
assess  the  role  of  carbohydrate  in  ESS  binding,  we  employed 
a  preparation  radiolabeled  with  galactose.  Table  4  indicates 
that  erythrocytes  incubated  with  normal  typhus  ESS  bound  approxi¬ 
mately  3.5X  more  radioactivity  than  those  exposed  to  periodate- 
treated  ESS.  The  quantity  of  serologically  reactive  ESS  bound 
to  erythrocytes,  as  measured  by  the  modified  IHA  test,  indicated 
a  more  severe  reduction  in  biological  activity  than  could  be 
accounted  for  solely  by  the  reduction  in  binding.  The  effect 
of  periodate  treatment  on  the  capacity  of  ESS  to  interact  with 
serum  antibody  was  examined  by  use  of  an  IHA  inhibition  test. 

An  aliquot  of  typhus  reference  antiserum  which  exhibited  a  titer 
of  4096  in  the  IHA  test  was  exposed  to  equal  quantities  of 
normal  and  periodate-treatetl  typhus  ESS  for  1  h,  then  free  anti¬ 
body  was  quantified  by  the  IHA  procedure.  Absorption  of  the 
serum  with  normal  ESS  rediu  ed  1  lu’  antibody  titer  to  256.  while 
serum  exposed  to  perlodate-t re.ited  ESS  showed  a  titer  of  1024. 
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Table  4.  Effect  of  periodate  treatment  on  the  binding  of  typhus 
ESS  to  erythrocytes  and  their  subsequent  agglutination 
by  immune  serum. 


^  galactose 

Radioactivity 

ESS 

labeled  ESS 

bound  to  srbe 

titer 

(cpm) 

normal 

424 

128 

periodate- treated 

125 

<  2 

Diethyl  ether  extraction  of  rickettsiae  has  been  employed 
routinely  to  partially  remove  contaminating  host  cell  lipids 
from  organisms  in  initial  studies  with  ESS,  but  it  was  not  clear 
whether  the  solvent,  which  Is  known  to  extract  CF  antigen,  also 
liberated  ESS-precursor  from  particulate  rickettsiae.  Our 
studies  indicated  that  ESS-precursor,  as  well  as  soluble  CF 
antigen,  was  rapidly  extracted  from  rickettsial  organisms  by 
diethyl  ether,  and  that  soluble  CF  antigens  from  both  typhus 
and  spotted  fever  organisms  could  be  resolved  into  two  sero¬ 
logically  reactive  fractions  by  centrifugation  in  potassium 
tartrate  gradients.  The  particulate  rickettsiae  remaining  after 
brief  ether  extraction  sedimented  in  the  same  region  of  the 
gradient  as  the  denser  form  of  soluble  antigen.  Other  workers 
(2)  have  reported  that  particulate  spotted  fever  rickettsiae 
were  separable  from  soluble  components  during  sedimentation  in 
potassium  tartrate-glycerol  gradients,  but  only  after  lengthy 
extraction  of  formalized  organisms  with  ether.  In  any  case,  our 
work  indicates  that  the  particulate  CF  antigen  is  distinct  from 
the  denser  form  of  soluble  CF  antigen,  since  the  2  species  are 
separable  on  rate-zonal  sucrose  gradients,  suggesting  a  substant¬ 
ial  difference  in  physical  conformation.  Our  gradient  centrifu¬ 
gation  procedures  were  initiated  with  the  goal  of  separating  ESS- 
precursor  from  CF  antigen.  However,  constant  association  of  ESS- 
precursor  activity  with  CF  activity,  and  the  failure  to  identify 
ESS-precursor  in  any  gradient  fraction  which  did  not  also  possess 
CF  activity,  soon  suggested  to  us  that  the  immediate  precursor  of 
ESS  was  CF  antigen.  It  appeared  that  alkali  treatment  modified  the 
CF  antigen  in  a  manner  which  incr<‘ased  its  capacity  to  bind  to 
erythrocytes-  Analysts  of  gradient-purified  CF  antigen  before  and 
after  alkali  treatment  supijorted  this  hypothesis  and  further 
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indicated  that  achievement  of  erythrocyte  binding  properties  was 
accompanied  by  loss  of  reactivity  in  the  CF  test.  However,  it  is 
important  to  realize  that  although  CF  antigen  is  modified  by  the 
alkali  treatment  which  produces  ESS,  distinct  group-specific  sero¬ 
logical  reactivity  is  retained  (5,  6).  We  do  not  yet  understand 
the  effect  of  alkali  on  rickettsial  CF  antigen,  but  studies  with 
other  bacterial  antigens  also  indicate  that  exposure  to  heat  and 
high  pH  increases  binding  efficiency  to  red  blood  cells.  Our 
studies  indicated  that  such  treatment  of  both  species  of  soluble 
rickettsial  CF  antigen  and  particulate  CF  antigen  resulted  in 
similar  products  which  met  the  criteria  for  ESS  and  were  indistin¬ 
guishable  based  on  their  sedimentation  in  potassium  tartrate 
gradients.  A  small  quantity  of  CF  antigen  associated  with  parti¬ 
culate  rlckettslae  was  apparently  converted  to  ESS  by  alkali  with¬ 
out  detachment  from  the  organism.  This  finding  was  compatible 
with  electron  microscopic  observations  of  Tzlanabos  et  aj[.  (2), 
who  reported  that  cell  wall  particles  analogous  to  soluble  CF 
antigen  remained  attached  to  spotted  fever  organisms  even  after 
extensive  extraction  and  purification.  The  antigenic  relationship 
between  soluble  CF  antigens  and  ESS  was  confirmed  by  the  IHA  Inhi¬ 
bition  test.  Soluble  CF  antigen  was  capable  of  Interacting  with 
a  reference  antiserum  and  substantially  reducing  its  reactivity 
in  the  IHA  test.  However,  Chang  ^  aj.(6)  suggested  that  anti¬ 
bodies  reactive  against  particulate,  washed,  specific  CF  antigen 
were  distinct  from  those  reacting  with  ESS.  These  Investigators 
also  reported  that  ESS-antlbody  complexes  were  unable  to  fix  com¬ 
plement  in  a  CF  test.  Our  results  supported  this  observation  but 
indicated  that  if  ESS  was  bound  to  erythrocytes,  then  reacted  with 
appropriate  antibody,  the  complex  would  fix  complement  and  result 
in  lysis  of  the  cells.  Chemical  analysis  of  typhus  ESS  obtained 
from  potassium  tartrate  gradients  Indicated  a  protein  to  carbohy¬ 
drate  ratio  of  2:1.  Previous  analysis  of  crude  preparations  (5) 
Indicated  a  ratio  of  17:1  for  typhus  group  ESS.  These  data  sug¬ 
gested  that  our  Isolation  procedure  removed  a  substantial  quantity 
of  protein,  although  such  purification  was  accompanied  by  ESS 
Instability.  Centrifugation  of  crude  radioactive  ESS  on  potassium 
tartrate  gradients  also  Indicated  that  ESS  was  a  carbohydrate- 
protein  complex  which  complex  sedimented  as  one  major  peak  of 
serological  activity  separated  from  other  radiolabeled  material. 

The  role  of  protein  and  carbohydrate  components  of  ESS  In  the  IHA 
test  is  undefined,  but  oxidation  with  periodate  and  enzymatic  pro¬ 
teolysis  both  suggested  an  important  function  for  the  carbohydrate 
moiety.  This  finding  was  compatible  with  observations  in  other 
bacterial  systems,  but  the  role  of  carbohydrate  seemed  complex, 
since  periodate  oxidation  affected  binding  of  ESS  to  erythrocytes 
as  well  as  interaction  of  ESS  witii  serum  antibody.  Our  studies  do 
not  preclude  .a  requirement  for  protein  in  both  of  titese  activities, 
and  more  detailed  investigations  are  required  to  fully  define  the 
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role  of  both  ESS  components.  The  usefulness  of  ESS  may  not  be 
limited  to  its  employment  as  a  diagnostic  reagent.  ESS  recovered 
from  both  typhus  and  spotted  fever  group  rickettslae  possess 
common  properties  of  erythrocyte  binding  and  similar  sedimentation 
in  potassium  tartrate  gradients,  yet  retain  discrete  group-specific 
antigenic  determinants  capable  of  interacting  with  humoral  anti¬ 
body.  It  is  possible  that  mild  chemical  or  enzymatic  degradation 
of  ESS  could  selectively  remove  components  conferring  common 
biological  or  physical  properties  and  result  in  a  relatively 
simple  substance  that  could  be  examined  for  antigenic  determinants 
conferring  group  specificity.  Previous  studies  from  this  labora¬ 
tory  (1)  have  examined  intact  rickettsial  organisms  from  the  typhus 
and  spotted  fever  groups  in  a  comparative  manner  using  PAGE 
analysis.  Although  distinct  differences  were  observed,  protein 
patterns  were  complex,  and  a  simple  subcellular  component  such  as 
ESS,  which  retains  gronp-speclf Iclty  could  be  valuable  for  more 
detailed  analyses. 

III.  Development  of  an  R.  tsutsugamushi  plaque  reduction 
test . 

Current  serologic  tests  for  studying  the  Immune  response  to 
scrub  typhus  Infection  quaiitify  circulating  antibody,  but  only 
the  toxin  neutralization  test  provides  information  concerning 
the  ^  vivo  protective  capacity  of  antibodies.  This  procedure  is 
disadvantageous,  however,  because  it  requires  concentrated  sus¬ 
pensions  of  rickettslae  and  the  Intravenous  inoculation  of  mice. 
Also,  the  test  applicability  is  restricted  to  only  a  few  strains 
of  R.  tsiitsugamush i .  Recently,  Kenyon  and  McManus  (7)  reported 
an  antibody  plaque  reduction  techni()ue  for  the  spotted  fever 
group  rickettslae  whicli  could  be  useful  in  assessing  the  effect 
of  immunoglobulins  on  ticket ts la-host  cell  Interactions.  Their 
procedure  consisted  of  reacting  the  rlckettsiae  with  specific 
antl-rickettslal  sera  made  in  monkeys.  Secondary  antibody 
(anti-monkey  immunoglobulins)  was  added  after  incubation,  and  the 
resultant  mixtures  reincubated  and  plaqued  in  chick  embryo  cell 
cul ture . 

The  purpose  of  the  study  described  below  was  to  develop  a 
plaque  reduction  technique  that  jnight  be  useful  in  discriminating 
between  strains  of  scrub  typhus  r  i  'ket t siae .  Of  primary  Importance 
in  achieving  this  goal  was  our  previous  development  of  a  plaque 
assay  technique  and  preparation  of  triply  plaque-purified  stocks 
of  3  strains  of  R.  t_sut  sugamush  i  (H).  Preliminary  experiments 
utilized  R  .  t  s  u_t  s  i  igam  i  i  sh  i  ,  strain  ( :  i  1  I  i  am ,  lie  a  t  -  i  na  c  t  i  va  t  ed 
ant  i-(. i  1  1  i am  serum  preparefi  in  llAl.b/c  mice,  .and  heat-inactivated 
rabb  i  t -an  t  i  mouse  .serum  (.s»*cou(j,iry  ,antii>ody)  Rtssul  t.s  were  very 


43 


Inconsistent  because  addition  of  the  secondary  antibody  elicited 
a  precipitation  reaction,  which  was  dilution  dependent.  Primary 
antibody  alone  was  also  attempted.  A  small  reduction  in  the 
number  of  plaques  was  evident  at  the  lower  dilutions  of  antibody 
in  some  cases;  however,  an  apparent  enhancement  of  plaque  formation 
also  occurred  at  low  dilutions  in  many  Instances.  We  felt  the 
enhancement  could  possibly  be  due  to  the  protective  effect  of  the 
serum  as  opposed  to  the  brain  heart  Infusion  broth.  In  a  second 
set  of  experiments  the  diluent  was  changed  to  non- Immune  serum, 
and  the  antiserum  was  prepared  in  New  Zealand  white  rabbits  by 
a  single  IV  injection  of  approximately  5  X  10 ^  plaque-forming 
units  (PFII)  of  cell  culture-propagated,  plaque-purified  Gilliam 
strain  rickettslae.  The  rabbits  were  bled  on  day  28,  and  the 
sera  separated  and  filter  sterilized.  Serum  from  non-immune 
rabbits  was  treated  in  the  same  manner.  Prior  to  use  all  sera 
were  heat-inactivated  at  56C  for  30  minutes.  Reaction  of  the 
Gilliam  strain  with  4-fold  dilutions  of  its  homologous  antiserum 
resulted  in  a  significant  reduction  (94%)  in  the  number  of  plaques 
at  the  lowest  antiserum  dilution.  Secondary  antibody  was  not 
required  to  attain  this  value.  Antisera  against  two  other  proto¬ 
type  scrub  strains,  Karp  and  Kato,  were  then  prepared  in  rabbits 
in  the  same  manner  as  the  Gilliam  antiserum.  Each  strain  of 
tsutsugamushi  was  reacted  with  4-fold  dilutions  of  heat- 
inactivated  homologous,  heterologous,  and  non-ltnmune  sera,  and 
then  plaqued  in  irradiated  L-929  cells.  No  secondary  antibody 
reaction  was  used.  The  results  are  summarized  in  Table  5. 

Table  5.  Homologous  and  heterologous  plaque  reduction  by  proto¬ 
type  strains  of  Rickettsia  tsut^uj^amujs^ii . 


Antigen 

%  PR  by  antiserum* 

Gilliam 

Kato 

Karp 

70 

9 

34 

Gil  1  lam 

26 

94 

36 

Kato 

42 

66 

75 

*  per  cent  plaque  reduction  (%.  PR)  =  100  -  ( tjea^meji^t_  m^an  X  100) 

control  mean 
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Homologous  sera  plaque  reductions  ranged  from  70%  to  94%  while 
the  heterologous  sera  reductions  ranged  from  9%  to  66%.  The 
66%  plaque  reduction  occurred  with  Gilliam  antisera  and  Kato 
strain  organisms.  These  possible  antigenic  relationships  have 
not  been  observed  previously  using  immunofluorescence  and 
complement  fixation  tests.  These  data  suggest  that  the  plaque 
reduction  test  may  reveal  new  relationships  between  strains  of 
scrub  typhus  rlckettslae  that  are  not  apparent  by  other  tests. 

IV,  Antigenic  characterization  of  plaque-purified  scrub 
typhus  rlckettslae. 

Presently  there  are  a  large  number  of  strains  of  Rickettsia 
tsutugamushi  available  and  more  are  being  isolated  every  year. 
Many  of  these  isolates  could  conceivably  be  composed  of  multiple 
strains.  To  accurately  characterize  any  of  the  strains,  it 
becomes  necessary  to  insure  that  they  are  '’p'lre"-  Five  strains 
isolated  in  Thailand  in  1962  and  1963  were  selected  for  plaque 
purification.  These  have  previously  been  shown  to  exhibit 
little  or  no  relationship  to  the  3  prototype  strains.  Karp, 

Kato,  and  Gilliam,  according  to  complement  fixation  tests  as 
reported  by  Ellsberg  et  aj  .  (9).  These  strains  are  designated 
TA  763,  TA  716,  TA  678,  TA  686.  and  TH  1817.  All  except  TH  1817 
(a  human  isolate)  were  Isolated  *^rom  rodents.  The  purpose  of 
this  project  is  to  perform  an  antigenic  comparison  of  plaque- 
purified  stocks  of  the  3  Thai  strains  and  the  3  original  proto¬ 
type  strains.  The  comparison  will  be  made  on  the  basis  of  the 
results  from  plaque  reduction  tests  as  well  as  those  from 
complement  fixation,  immunofluorescence,  mouse  virulence,  and 
cross-neutralization  tests.  This  project  is  in  the  initial 
stage,  the  plaque  purification  of  the  5  Thai  strains.  All  have 
been  shown  to  plaque  satisfactorily  in  monolayers  of  irradiated 
L-929  cells  and  have  been  subjected  to  at  least  one  cycle  of  the 
triple  plaque  purification  scheme. 
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2*1  (II)  To  define  the  nnti^eni<  ity  arni  immuno^'cn  i  c  i  i  y  of  the  proteins  of  Sandfly  Fever 
viruses,  to  develop  rapid  means  of  speciric  diagnosis,  to  study  the  imm\ine  response  to 
infection  and  to  deveh>p  means  for  reducing,  <)isahility.  Sandfly  fever  affected  both 
American  and  (lerman  troops  during  World  War  II.  Anti^enical ly  distinct  strains  of 
these  viruses  exist  in  tlie  Mediterranean  Basin,  Central  America  and  Asia. 

24  (11)  Contemporary  virolo^ical  and  i mmuno 1  ok i < a  1  methods  are  used  to  identify  and 
cfimpare  the  antigens  of  distinct  strains  of  S.tndfly  Fever  viruses.  New  <-onceptual 
approaches  and  metho<is  are  dev<*loped  as  lu'eded  for  sp<*cific  problems. 
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was  bamperet)  by  tin*  observation  that  sr)m«‘  of  them  (Naples  and  Sicilian)  would  ntit  pro¬ 
duce  plaques  under  a  standard  aytar  overl/iv.  I'imethyl  sulfoxide  in  combination  with 

d  i  ethy  I  am  i  noet  hy  1  dextr.in  was  f«»und  to  f.n  ilitaie  plaque  formation  by  both  viruses. 
Naples  virus  retalnefl  its  dependency  on  the  chemicals  for  plaque  formation  after 
<  lonifiK  anri  fja.ssaK<'  from  moij.s<'  br.'iin  fftto  Vero  cells,  but  tiu*  .Sfcili«an  virus  did  not. 
Hyperimmune  moiis#*  ascitic  fhjids  have  biM-ii  prepared  to  tmcloned  viruses  and  tested  by 
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loned  virus  particles  Is  In  pr<u',ress.  Fco'  technical  report,  see  Walter  Kced  Army 
Institute  of  Kesearch  Annual  ('ropress  Report  I  Oct  77  to  10  »Sep  78. 
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Description 

To  define  the  characteristics  and  antigenicity  of  the 
proteins  of  Sandfly  Fever  Viruses,  to  develop  improved  means 
of  specific  identification,  to  study  the  immune  response 
to  infection  and  to  develop  means  of  reducing  disability. 
Emphasis  is  placed  on  Sandfly  Fever  Viruses  that  are  capable 
of  infecting  humans. 

I.  Dimethyl  Sulfoxide  Enhancement  of  Phlebotomus  Fever  Virus 
Plaque  Formation. 

A.  Background 

Phlebotomus  Fever  viruses  are  grouped  primarily  on  an 
epidemiological  and  partial  serological  basis  and  represent 
a  collection  of  some  23  agents  isolated  from  humans,  sand¬ 
flies  and  animals  (Tesh  et  al.,  1975,  1976).  Members  of  the 
group  do  not  cross  react  with  one  another  as  extensively  by 
the  complement  fixation  test  as  do  the  Bunyavi ruses ,  but  they 
are  considered  Bunyavi rus-1 ike  because  of  morphological 
similarities  (Murphy  et  al . ,  1973).  The  relationships  of 
Phlebotomus  Fever  viruses  to  one  another  and  to  the  Bunyavi ruses 
could  be  approached  through  genetic  studies  (Gentsch  et  al., 
1977);  however,  such  studies  utilized  plaque  formation  under  a 
rigid  agar  overlay  for  cloning  and  purification  procedures, 
as  well  as  isolating  potential  recombinants  A  method  currently 
used  employs  gum  tragacanth  which  is  a  semisolid  to  liquid 
substance  that  does  not  restrict  virus  particles  to  the 
proximity  of  the  plaque.  The  Naples  and  Sicilian  viruses  do 
not  form  plaques  under  rigid  agar  at  virus  concentrations  10 
times  greater  than  that  required  to  kill  suckling  mice.  In 
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this  report  we  show  that  dimethyl  sulfoxide  enables  plaque 
formation  by  Naples  and  Sicilian  virus  whereas  it  has  little, 
if  any,  effect  on  other  Phlebotomus  Fever  group  viruses  or 
representatives  of  the  alphaviruses  (Sindbis)  and  flavi viruses 
(dengue). 

B.  Methods 

1.  Viruses  and  cell  cultutes.  The  following 
Phlebotomus  Fever  group  viruses  were  obtained  as  either 
infected  Vero  cell,  suckling  mouse  brain  (SMB),  or  suckling 
hamster  brain  (SHB)  from  R.B.  Tesh  (NIAID,  Honolulu)  and 
R.E.  Shope  (Yale,  New  Haven):  Aguacate  (SHB  5),  Cacao 

(Vero  4),  Caimito  (SMB  1),  Candiru  (SMB  11),  Chagres  (SMB  15), 
Chilibre  (Vero  4),  Frijoles  (SHB  1),  Icoaraci  (SMB  2), 

Itaporanga  (SMB  16),  Karimabad  (SMB  19),  Naples  (SMB  48), 

Nique  (SMB  1),  Punta  Toro  (SMB  12),  and  Sicilian  (SMB  33). 

The  viruses  were  propagated  in  suckling  mouse  brain  for  2 
serial  passages  to  prepare  hyperimmune  mouse  ascitic  fluid 
(Brandt  et  al. ,  1967;  Chiewsilp  and  Me  Cown,  1972).  After  the 
plaque  assay  was  developed  with  Vero  cells,  the  viruses  were 
cloned  by  selecting  and  passaging  isolated  plaques  for  3 
serial  passages.  Additional  passages  were  made  in  Vero  cells 
to  prepare  seed  virus  for  plaque  reduction  neutralization  test 
(Russell  et  al.,  1967).  Sindbis  (AR  339)  and  dengue-2  (New 
Guinea  C  viruses,  SMB  10  and  SMB  36,  respectively)  were  used 
as  representative  Togavi ruses. 

The  Vero  cells  were  obtained  from  R.B.  Tesh  and  propa¬ 
gated  and  maintained  in  32  oz  glass  prescription  bottles  or 
25  cm^  plastic  flasks  (Falcon,  Oxnard,  Calif)  using  Minimal 
Essential  Medium  with  Earle's  salts  (EMEM)  containing  5  per¬ 
cent  fetal  bovine  serum  (heated  60°C  x  30  min),  2  mM  glutamine, 
penicillin  (100  units/ml)  and  streptomycin  (100  ug/ml), 

2.  Infection  of  cell  cultures,  a)  Plaque  assay: 

Virus  dilutions  were  prepared  in  medium  199  containing  20  per¬ 
cent  fetal  bovine  serum;  0.2  ml  aliquots  were  placed  on 
drained  monolayers  of  Vero  cells  in  25  cm^  flasks  which  were 
then  incubated  at  35°C  for  90  min  (adsorption  period).  Seven 
ml  of  a  1%  agar  overlay  at  44^0  was  added  and  the  flasks  were 
incubated  at  35^0  for  7  days.  The  agar  overlay  consisted  of 
(per  100  ml):  1  g  Agar  Purified  (Difeo,  Detroit)  and  72  ml 
double  distilled  water  sterilized  in  the  autoclave;  the  nutrient 
portion,  after  mixing  with  cooled  agar,  consisted  of  10%  10  x 

concentrated  medium  199  without  phenol  red  and  NaHC03,  0.02% 
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diethylaminoethyl-dextran,  0.5%  each  of  100  x  concentrated 
essential  vitamin  mixture  and  100  x  concentrated  essential 
amino  acid  mixture  for  Basal  Medium  Eagle  (Microbiological 
Associates)  and  antibiotics.  The  indicated  concentration 
of  DMSO  (Sigma  Chemical  Co.)  was  added  to  the  standard  over¬ 
lay.  The  neutral  red  vital  strain  (added  7  days  later) 
consisted  of  a  1:7500  dilution  in  1  percent  agar  in  normal 
saline  (4  ml  volume).  The  flasks  were  incubated  for  4  hours 
at  350c  and  overnight  at  room  temperature  before  the  plaques 
were  counted. 

b)  Growth  curves:  Confluent  monolayers  of  Vero  cells  in 
?5  cm?  flasks  were  infected  at  multiplicities  of  approximately 
3.  The  inoculum  was  removed  by  rinsing  the  flasks  4  times 
with  medium.  Six  ml  of  medium  with  or  without  the  indicated 
concentrations  of  DMSO  was  added  to  the  flasks  and  1  ml  was 
removed  immediately  (0  time  sample).  Additional  1  ml  aliquot 
were  removed  at  daily  intervals,  the  volume  being  replaced 
with  fresh  medium.  All  samples  were  stored  at  -70°  until 
assayed  for  infectivity. 

C.  Results 

1.  Naples  virus  replication  and  plaque  formation 

with  DMSO. 

Most  of  the  following  studies  were  carried  out  with  the 
Naples  virus  since  it  is  one  of  the  earliest  Phlebotomus  Fever 
group  human  pathogens.  The  mouse  brain  seed  that  contained 
3.2  X  10^  suckling  mouse  LD50/ml  contained  only  2.5  x  10^  pfu/ml 
by  our  plaque  assay  used  for  Togaviruses.  Plaques  were  barely 
visible  (less  than  0.5  mm),  and  many  assays  yielded  no  visible 
plaques  at  all . 

The  effect  of  DMSO  on  plaque  formation  was  tested  by 
infecting  Vero  cells  with  a  virus  dilution  containing  100-200 
suckling  mouse  LD5Q  combined  with  the  indicated  concentrations 
of  DMSO  and  overlaying  the  monolayers  with  agar  containing 
the  same  concentrations  of  DMSO.  Plaques  which  were  barely 
visible  under  agar  without  DMSO  became  clearer  and  more 
numerous  as  the  concentration  of  DMSO  was  increased  from  0.1 
to  1.0  percent  (Fig.  1);  the  size  of  the  plaques  ranged  from 
0.5  to  1.5  mm.  The  plaques  decreased  in  size  and  number  with 
2.5  percent  DMSO. 
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FIGURE  1.  Effect  of  several  dimethyl  sulfoxide  concentrations 
on  plaque  formation  by  Naples  Phlebotomus  fever 
vi ru5 . 


The  effect  of  DMSO  on  the  quantity  of  virus  released  by 
infected  cells  cultured  in  liquid  medium  was  tested  in  the 
same  manner;  increasing  concentrations  of  DMSO  were  included 
in  the  inoculum  as  well  as  the  medium.  Slightly  more  virus 
(up  to  2.5  fold  at  3  days)  was  released  into  the  culture 
medium  containing  DMSO  (Fig.  2).  The  quantity  of  virus  released 
by  infected  cells  cultured  in  2.5  percent  DMSO  was  similar  to 
that  shown  for  0.1%  DMSO  in  Figure  2. 

The  effect  of  DMSO  on  the  infecting  inoculum  was  examined 
by  mixing  the  inoculum  with  an  equal  volume  of  normal  medium 
and  medium  containing  2  percent  DMSO.  The  final  concentration 
of  1  percent  DMSO  was  judged  as  the  optimum  concentration  for 
plaque  clarity  and  size.  Replicate  flasks  received  an  agar 
overlay  with  and  without  1  percent  DMSO  after  the  adsorption 
period.  No  difference  in  plaque  titer  was  observed  between  the 
inoculum  with  and  without  DMSO  when  both  sets  of  monolayers 
were  overlaid  with  DMSO  agar.  The  agar  overlay  without  DMSO 
did  not  allow  production  of  any  plaques,  even  on  monolayers 
infected  with  the  virus-DMSO  mixture  (data  not  shown). 

2.  Effect  of  heparin  and  DEAE-dextran  in  combin- 
nation  with  DMSO. 


FIGURE  2 


0  12  3  4  5 

DAY  POST  INFECTION 

Replication  of  Naples  sandfly  fever  virus  in  Vero 
cells  cultured  under  several  concentrations  of 
dimethyl  sulfoxide.  Symbols;  0,  No  DMSO;«,  0.1% 
DMSO;  A  0.5%  DMSO;  •  1.0%  DMSO.  The  multiplicity 
of  infection  was  2.7. 
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The  inclusion  of  heparin  (10  units/ml)  in  the  aqar  over¬ 
lay  has  been  used  in  our  laboratory  to  clarify  plaques  produced 
by  various  flaviviruses  (unpublished  ovservations) ,  While 
heparin  alone  has  no  effect  on  enhancement  of  Naples  virus 
plaques,  a  slight  additive  effect  on  plaque  clarity  was  observed 
when  heoarin  was  combined  with  DMSO  in  the  agar  overlay  (Fig.  3). 


STANDARD  DMSO  DMSO  + 

HEPARIN 


FIGURE  3.  Effect  of  1/  dimethyl  sulfoxide  (DMSO)  and  heparin 
(10  units/ml)  on  the  plaque  assay  of  Naples 
Phlebotomus  fever  virus  in  Vero  cells. 


However,  in  cells  cultured  under  liquid  medium,  no  additive 
effect  on  Naples  virus  replication  was  observed  when  heparin 
was  combined  with  DMSO  (Fig.  4);  slight  increase  in  viral 
yield  is  attributed  to  the  DMSO  as' shown  in  Figure  2. 

We  determined  if  there  was  an  additive  effect  of  DMSO  on 
the  DEAE-dextran  component  of  the  agar  overlay.  In  a  typical 
experiment,  no  plaques  were  visible  on  the  monolayers  infected 
with  an  estimated  100  pfu  when  DEAE-dextran  was  left  out  of 
the  agar  overlay  containing  DM.SO.  Infected  monolayers  under 
agar  containing  both  DMSO  and  DEAE-dextran  produced  an  average 
of  105  clearly  visible  plaques,  and  those  monolayers  under  agar 
with  DEAE-dextran  but  no  DMSO  contained  an  average  of  18  barely 
visible  plaques. 
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FIGURE  4 


DAY  POST  INFECTION 


Effect  of  DMSO  {VI)  and  heparin  (10  units/ml)  on 
the  replication  of  Naples  sandfly  fever  virus  in 
Vero  cells.  Symbols:  0,  No  DMSO  or  heparin; 

•  (broken  line),  DMSO  +  heparin;  t  (solid  line), 
DMSO  alone.  The  multiplicity  of  infection  was  3.2 
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3.  Effect  of  delayed  addition  of  DMSO  to  the 

agar  overlay. 

We  determined  the  effect  on  plaque  formation  of  adding 
DMSO  at  various  times  separately  to  the  hardened  agar.  DMSO 
was  added  at  time  0  and  at  daily  intervals  up  to  5  days  after 
infection  as  a  2.75  percent  solution  in  the  neutral  red  agar 
overlay.  The  flasks  were  incubated  at  350C  until  8  days  post 
infection  when  the  assay  was  evaluated.  DMSO  in  the  neutral 
red  agar  overlay  added  at  time  0  resulted  in  discrete  plaques 

but  they  were  smaller  and  fewer  in  number  than  in  the  controls 

where  DMSO  was  included  in  the  underlying  nutrient  agar  overlay 
(Table  1).  There  were  few,  if  any,  visible  plaques  when  DMSO 
was  added  1  to  5  days  later  in  the  neutral  red  agar  overlay, 
but  an  additional  4-day  incubation  period  resulted  in  visible 
plaques.  These  were  fewer  in  number  than  the  controls  receiving 
DMSO  in  the  nutrient  agar  overlay  where  the  number  of  plaques 
also  increased  with  the  additional  4-day  incubation  period 
(Table  1).  We  also  added  the  DMSO  in  solution  rather  than 
agar  in  other  experiments  (0.7  ml  of  10  percent  DMSO  in  medium) 

and  added  the  neutral  red  agar  overlay  as  usual  7  days  post 

infection.  The  solution  diffused  through  the  agar  but  the 
results  were  unsatisfactory:  swirls  and  comet-shaped  streaks 
developed  which  could  not  be  counted,  but  which  were  fewer  in 
number  as  the  DMSO  was  added  at  later  time  intervals,  and 
which  increased  in  size  with  an  additional  4-day  incubation 
period.  Finally,  DMSO  did  not  facilitate  plaque  formation  in 
LLC-MK2  cells,  another  established  monkey  kidney  cell  line. 

4.  Effect  of  DMSO  agar  overlay  on  other  Phleboto- 
mus  Fever  group  viruses. 

A  slight  enhancing  effect  on  plaque  clarity  was  observed 
with  the  DMSO-agar  overlay  on  Vero  monolayers  infected  with 
Caimito,  Candiru,  Karimabad,  Punta  Toro,  Chagres,  and  Chilibre 
viruses,  but  this  observation  was  not  associated  with  a 
significant  increase  in  the  number  of  plaques  as  it  was  with 
Naples  and  Sicilian  viruses,  (Table  2).  There  was  no  difference 
in  plaque  clarity  or  number  with  or  without  DMSO  in  the  agar 
when  Aguacate,  Cacao,  Frijoles,  Icoaraci,  Itaporanga,  and  Nique 
viruses  were  assayed.  In  general,  the  size  of  the  plaques 
produced  by  these  other  viruses  ranged  from  3.0  to  5.0  mm  as 
compared  to  plaques  produced  by  the  Naples  and  Sicilian  viruses 
which  ranged  from  0.5  to  1.5  mm.  The  numbers  of  plaques  at 
various  dilutions  of  the  viruses  were  consistent  with  the  10-fold 
di luti on  schedule. 
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Table  1.  Kffect  of  delavoil  addition  of  dimothvl  sulfoxide  to 

the  hardL-ned  agar  overlay* 


Number  of  Plaques 


Time  of  addition  of  DMSO 

Day  8 

Day  12 

0  TIMK 

63,38 

98,59 

Day  1 

0,0 

73,54 

Day  2 

1,0 

42,55 

Da  y  ') 

3,2 

59,44 

Day  A 

3,0 

64,53 

Day  5 

3,4 

69,61 

Control  (1%  DMSO  in  first 

88 , 80 

136,125 

nutrient  agar  overlay) 


*  DMSO  added  in  a  saoond  -.j-jr  v  j"  Oi.ui  L  .>  i  n  i  :  ■  neu  :'al  red 

and  Z,75  Dcrcinu  DMSO  in  1  pi-n-eni.  agar.  All  monolayers  were 
infected  with  an  estimated  100  I’FU  calculated  from  a  previous 
titration . 


Tilble  2.  Effect  of  dimerhyl  sulfoxide  (DMSO) 
on  Pliifebcitorons  >iroup  virus  plaque 
assays  in  Vero  cells 


A;»;»r  Ov. 

•  r  1 .1 V 

Karin 

Virus 

Source 

Standard 

DMSO 

DUSO/Sr.indard 

Naples 

mouse 

bra  in 

U) 

2.5 

X 

10^* 

2.4 

X 

10- 

9.6 

(b) 

2.2 

X 

]()6. 

2.2 

X 

10.0 

Vero 

6.3 

X 

10^* 

4.8 

X 

10" 

7.6 

Slci 1 ian 
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5.  Virus  neutralization  tests  assayed  under 

DMSO  agar. 

Homologous  and  heterologous  plaque  reduction  neutrali¬ 
zation  tests  were  carried  out  with  some  of  the  Phlebotomus 
group  viruses  in  a  standard  manner  except  that  1  percent 
DMSO  was  included  in  the  agar  overlay  applied  after  the  ad¬ 
sorption  period.  The  results  (Table  3)  were  similar  to  those 
reported  previously  (Tesh  et  al.,  1976)  using  a  gum  tragacanth 
overlay  to  measure  unneutralized  virus;  e.g.  when  comparing 
Naples  and  Sicilian  reagents,  the  Sicilian  HMAF  was  the  more 
potent  antibody  preparation  and  both  antibody  preparations 
were  type  specific. 

6.  Effect  of  DMSO  agar  overlay  on  Togaviruses. 

The  plaque  formation  of  Sindbis  and  Dengue-2  viruses  were 
studied  under  our  standard  agar  and  DMSO  agar.  Sindbis  plaques 
were  somewhat  larger  but  without  an  increase  in  number,  while 
Dengue  2  plaques  were  identical  in  size  and  number  under  both 
kinds  of  agar  overlay. 

D.  Discussion 

Dimethyl  sulfoxide  (DMSO)  included  in  an  agar  overlay  on 
infected  Vero  cells  enhanced  plaque  size  and  clarity  of  Naples 
and  Sicilian  Phlebotomus  Fever  viruses  and  increased  the 
number  of  plaques  as  much  as  lO-fold.  This  pronounced  effect 
of  DMSO  was  not  observed  with  other  Phlebotomus  Fever  group 
viruses  which  produced  very  large  plaques  (3  to  5  mm)  as 
compared  to  the  Naples  and  Sicilian  strains  (0  5  to  1.5  mm). 
These  observations  represent  a  pronounced  biological  difference 
among  the  members  of  this  group. 

The  effect  of  DMSO  on  Naples  virus  plaque  size  was 
clearly  dependent  on  concentration,  with  1  percent  considered 
optimum.  In  a  previous  report  (Cleaver,  1974),  1  percent 
DMSO  was  "near  lethal"  for  CVl  cells,  another  African  green 
monkey  kidney  cell  line.  It  was  proposed  that  near  lethal 
concentrations  of  DMSO  had  a  preferential  deleterious  effect 
on  infected  cells  and  that  SV40  virus  plaques  were  formed 
faster  in  the  presence  of  0.5%  DMSO  because  of  earlier  cell 
lysis.  In  our  studies,  the  Vero  cells  remained  viable  in 
the  presence  of  1%  DMSO  for  up  to  12  days.  Generally,  concen¬ 
trations  of  5%  or  higher  were  required  to  inhibit  enzyme  systems 
(Rammler,  1967).  DMSO  probably  affects  cell  permeability  by 
increasing  the  rate  of  movement  of  molecules  in  cell  membranes 
(Jacob  et  al.,  1964;  Franz  and  Van  Brugqen,  1967).  Infected 
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Table  3.  Plaque  reduction  neutralization  titers  of  hyperimmune  mouse  ascitic  fluids  to  the  Phlebotomus 
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cells  stimulated  in  such  a  manner  may  have  lost  their  viability 
sooner  under  the  stress  of  viral  replication  at  the  expense  of 
cellular  processes  required  to  respond  to  the  cell  surface 
stimulation  of  DMSO.  The  end  result  would  be  visible  plaques 
because  of  earlier  cell  lysis  as  proposed  previously,  but 
probably  not  because  of  near  lethal  DMSO  concentrations  for 
normal  Vero  cells.  The  slight  increase  in  yield  of  infectious 
virus  from  cells  cultured  in  liquid  medium  with  DMSO  might  be 
associated  with  earlier  cell  lysis  but  we  did  not  observe 
earlier  cytopathic  effects. 

DMSO  was  not  effective  in  allowing  plaque  formation  by 
Naples  virus  under  agar  unless  DEAE-dextran  was  present.  DEAE- 
dextran  binds  sulfated  polysaccharides  found  in  agar  which 
inhibit  the  infectivity  of  certain  viruses  (Schulze  and 
Schlesinger,  1963;  Schulze,  1964).  Thus, agar  inhibitors  of 
viral  infectivity  might  have  had  to  be  removed  with  DEAE-dextran 
before  the  DMSO  could  enhance  plaque  formation.  When  we 
added  DMSO  at  later  daily  time  intervals  to  the  hardened  agar 
containing  DEAE-dextran,  an  additional  incubation  period  past 
the  usual  7-day  observation  time  was  required  for  plaques  to 
form.  Either  the  infected  cells  required  exposure  to  the 
DMSO  for  a  certain  period  of  time,  or,  there  may  have  been  a 
synergistic  effect  of  DMSO  and  DEAE-dextran  on  agar  inhibitors 
as  well  as  the  cells  to  allow  plaque  formation  to  occur. 

DMSO  was  not  required  for  adsorption  or  penetration  since 
infection  and  growth  of  Naples  virus  occurred  in  cells  cultured 
in  liquid  medium  without  DMSO.  DMSO  did  not  produce  appreciable 
stability  or  disaggregation  of  potential  virus  clumps  since 
titers  of  virus  suspended  in  normal  medium  and  DMSO  medium 
were  the  same.  There  were  other  variables  such  as  the  cell 
culture  substrate;  a  second  monkey  kidney  cell  line,  LLC-MK2 
cells,  would  not  support  Naples  or  Sicilian  virus  plaques  in 
the  presence  of  DMSO  and  DEAE-dextran.  Another  variable  was 
the  passage  history  of  the  virus:  both  Naples  and  Sicilian 
viruses  were  passaged  5  times  in  Vero  cells.  However,  the  Vero 
passaged  Sicilian  virus  did  not  require  DMSO  to  form  plaques 
as  did  the  mouse  brain  passaged  virus.  Naples  virus,  on  the 
other  hand,  still  required  DMSO  to  form  plaques  after  Vero  cell 
culture  passage.  The  Vero  cell  propagated  viruses  were  neutralized 
by  antiserum  to  mouse  brain  propagated  viruses  indicating  there 
was  no  change  in  the  surface  antigens  of  the  passaged  viruses. 

Regardless  of  the  mechanism  of  DMSO  on  plaque  formation, 
the  more  prominent  Phlebotomus  Fever  viruses  can  now  be  plaqued 
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under  rigid  agar  overlay  for  cloning  and  genetic  studies. 
Naples  and  Sicilian  viruses  could  be  plagued  previously  only 
under  gum  tragacanth,  a  semi-solid  to  liquid  substance  which 
does  not  restrict  the  virus  particles  to  the  vicinity  of  the 
plaque.  Using  rigid  agar,  virus  can  be  cloned  from  individual 
plaques  which  will  allow  easier  characterization  of  subpopu¬ 
lations  of  the  parent  virus,  some  of  which  even  may  differ  in 
their  requirement  for  DMSO  to  form  plaques. 


Table  4.  Characteristics  of  Cloned  Phlebotomus 
Fever  Virus  Suspensions 


Virus 

Plaque  Morptioloqy  (Size) 

Titer  (pfu/ml) 

Karimabad 

KAR  #1 

KAR  n 

KAR  n 

KAR  i»4 

large  (4-5  mm) 
mixed  large  &  small 
small  (1 -2  mm) 
small  (1-2  mm) 

1.1x10® 

7.5x106 

9.5x105 

2.0x106 

Chagres 

CHG  #1 

CHG  #2 

CHG  #3 

CHG  #4 

mixed  large  and  medi{jm 
mixed  large  and  small 
medium  (2-3  mm) 
medium  (2-3  mm) 

4.4x105 

6.5x10’ 

l.OxlO' 

7.0x10' 

Sandfly  fever  Sicilian 

SFS  #1  mixed  sjiiall  and  medium 

5.0x10' 

Sandfly  fever  Naples 
SFN  #1 

small  (1  mm) 

1.3xl0' 

Punta  Toro 

PT  i»l 

PT  42 

PT  43 

large  (4-5  iini) 
medium  (2-3  mm) 
medium  (2-4  mm) 

2. 3x10® 
9.5x10' 
1.8x10® 

Itaporanga 

ITP  41 

ITP  42 

ITP  43 

mixed  small  and  medium 
mixed  small  and  medium 
medium  (2mm) 

1 .7xl0' 
1.4x10' 
1.6x10' 

Candi ru 

CDU  41 

COD  42 

cnu  «3 

CDH  «4 

medium  (2-3  rin) 
medium  (2-3  mm) 
smal  1  (n,  5-  1. 5  am) 
sna 11  (n. 5- 1 , 0  mm) 

1 .6xl0' 
1.2x10® 
9.8x10® 
2.3x10® 

II.  Evaluation  of  Phlebotomus  Fever  Group  Virus  Seeds 

As  a  prerequisite  to  virus  characterization,  stock  working 
virus  seed  preparations  were  made  by  plaque  purification  of 
seven  Phlebotomus  fever  Group  viruses  selected  for  their  recorded 
association  with  human  disease:  Karimabad  (KAR),  Chagres  (CHG), 
Sandfly  fever  Sicilian  (SFS),  Sandfly  fever  Naples  (SFN),  Punta 
Toro  (PT),  Itaporanga  (ITP),  and  Candiru  (CDU)  viruses.  Each 
virus  was  plaque  assayed  on  Vero  cell  monolayers  using  DMSO  in 
the  overlay  medium  and  representative  clones  were  then  selected. 

At  least  four  individual,  well  separated  plaques,  (representative 
of  the  plaque  size  distribution  observed  for  each  virus),  were 
selected  and  an  agar  plug  above  the  plaque  was  aspirated  and 
diluted  in  growth  medium.  This  virus  containing  material 
was  further  diluted  and  assayed  on  Vero  cell  monolayers:  this 
cloning  procedure  was  repeated  three  times.  The  agar  plug 
obtained  from  the  third  "plaque  pick"  was  used  to  infect 
a  32  oz.  bottle  of  Vero  cells  and  the  supernatant  fluids  of 
this  culture  (harvested  following  the  appearance  of  CPE)  con¬ 
stituted  the  stock  working  seed  virus.  Details  of  these  cloned 
virus  seed  suspensions  are  presented  in  Table  4. 

The  infectivity  titers  of  the  stock  virus  suspensions  varied 
over  a  considerable  range.  Although  it  has  not  been  determined 
that  these  are  the  maximum  achievable  titers,  selected  viruses 
were  examined  in  a  one-step  growth  curve  (MOI  =  1)  in  an  attempt 
to  estimate  the  titers  to  be  expected  following  an  additional 
pass  in  Vero  cells.  The  growth  curves  for  three  representative 
viruses  are  presented  in  Figure  5.  The  maximum  titers  obtained 
at  the  plateau  of  the  growth  curve  were  very  close  to  the  titers 
of  the  cloned  stock  seed  suspensions.  It  appeared  that  the 
separate  virus  seeds  reflect  the  maximum  yield  of  these  viruses 
in  Vero  cells  and,  consequently,  representative  seeds  for  future 
use  were  selected  on  the  basis  of  the  maximum  infectivity  titer. 

The  effect  of  MOI  on  the  replication  of  KAR  #1  was  studied 
in  detail  in  an  attempt  to  optimize  conditions  for  maximum  virus 
yield  from  Vero  cells.  Growth  curves  were  performed  at  a  variety 
of  MOIs  with  samples  taken  through  115  hours.  The  essential 
points  from  these  experiments  are  summarized  in  Table  5.  Maximum 
titers  (greater  than  10^  pfu/ml )  were  only  obtained  using  an  MOI 
of  less  than  one  virus  per  cell.  Virus  replication  progressed 
more  slowly  at  low  MOIs  as  reflected  by  the  titers  obtained  at 
40  hours,  but  the  final  yield  at  the  last  time  sample  tested 
(115  hours)  was  higher  at  MOIs  between  0.001  and  1.0.  The 
highest  titered  stock  seed  suspensions  of  each  of  the  other  cloned 
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Table  5.  Effect  of  MOI  on  the  Replication  of 
Karimabad  Virus  in  Vero  Cells 


MOI 

TITER  AT  40  HRS 
(pfu/ml) 

MAX.  TITER 
(pfu/ml) 

- TTMtrOF 

MAX.  TITEI 

55 

5.2x10^ 

2.3x10® 

67  hrs 

5.0 

1.5x107 

l.OxloS 

115  hrs 

1.0 

8.5x10® 

4.0x10® 

115  hrs 

0.5 

1.1x10' 

2.5x10^ 

115  hrs 

0.1 

5.0x10® 

2.6x109 

115  hrs 

0.01 

1.8x10® 

2.4x10^ 

115  hrs 

0.001 

1.0x10® 

5.0x108 

115  hrs 

Table  6.  Effect  of  /\ctinomycin-D  on  Karimabad 
Virus  Replication  and  Protein  Synthesis  in  Vero  Cells 


Actinomycin-D 

Amino  Acid  Incorporation 

Virus  Yield 

(ug/ml ) 

of  control ) 

(/  of  control ) 

0  (control ) 

100 

100 

O.Ol 

93 

50 

0.1 

113 

187 

0.25 

78 

520 

0.5 

57/70 

553/420 

1.0 

97/87 

333/187 

2.5 

89/87* 

193/167 

5 

88 

100 

10 

74 

167 

20 

89 

133 

40 

93 

93 

100 

44 

30 

Uninfected  -0- 

157 

- 

■•■Results  from  two  separate  experiments. 
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Phlebotomus  fever  viruses  have  also  been  tested  in  growth  curve 
experiments  using  varying  MOIs.  Although  maximum  virus  yields 
varied,  the  dependence  on  MOI  appeared  to  parallel  the  data 
presented  for  KAR  #1. 


Two  other  cell  lines  in  the  laboratory  have  been  investi¬ 
gated  in  growth  curve  experiments  with  each  of  the  Phlebotomus 
fever  viruses.  The  LLC-MK2  monkey  kidney  cell  line  consistently 
gave  lower  virus  yields;  however,  BHK21  clone  15  baby  hamster 
kidney  cells  gave  virus  titers  comparable  to  Vero  cells  for  some 
of  these  agents. 


III.  Preparation  of  radioactive  viruses 

As  a  prerequisite  to  virus  radiolabeling  experiments,  the 
effect  of  the  drug  Actinomycin  D  was  investigated  with  respect 
to  its  influence  on  KAP.  #1  virus  yield  and  Vero  cell  protein 
synthesis.  The  results  are  summarized  in  Table  6.  Vero  cells 
were  infected  at  an  MOI  of  0.4  (or  mock  infected  in  the  case  of 
the  uninfected  control),  various  concentrations  of  Actinomycin-D 
in  deficient  medium  were  added  at  15  hours,  a  radioactive  amino 
acid  mixture  was  added  at  20  hours  and  both  supernatant  and  cells 
were  harvested  at  60  hours  post-infection.  Infectivity  of  the 
supernatant  determined  by  plaque  assay  was  used  to  calculate 
virus  yield  and  acid  precipitable  counts  in  both  the  supernatant 
and  solubilized  cells  in  order  to  estimate  the  amount  of 
incorporation  of  radioactive  amino  acids  into  protein.  The  Vero 
cells  were  not  very  sensitive  to  Actinomycin-D  because  there  was 
only  limited  suppression  of  protein  synthesis  at  other  than  very 
high  drug  concentrations;  however,  it  did  appear  to  increase 
virus  yield  over  the  range  of  0.25  to  2.5  ug/ml.  Unless  better 
conditions  for  Actinomycin-D  treatment  yield  greater  suppression 
of  host  cell  protein  synthesis,  the  use  of  this  drug  for  radio¬ 
labeling  experiments  remains  questionable  even  though  increases 
in  virus  yield  were  observed. 

Many  attempts  to  intrinsically  radiolabel  these  viruses 
have  not  yet  resulted  in  purified  preparations  with  high  specific 
activity.  Some  of  the  observations  made  relative  to  this  problem 
may  lead  to  procedures  that  will  ultimately  yield  virus  suspensions 
of  high  specific  activity  and  will  be  presented  here  in  summary 
form  only.  Most  of  the  detailed  information  relates  to  KAR  #1 
virus. 

The  isotope  35s_niethionine  is  superior  to  a  general  label 
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^H-amino  acid  mixture  for  radiolabeling  these  agents,  probably 
because  of  the  much  higher  specific  activity  of  the  35$  reagent 
that  is  available.  The  use  of  methionine  deficient  medium  has 
numerous  disadvantages,  not  the  least  of  which  is  a  decreased 
yield  of  infectious  virus  and  the  release  of  a  radiolabeled 
sedimentable  particle  which  is  smaller  and  more  dense  than 
infectious  virus.  The  time  of  isotope  addition  to  infected 
cultures  appeared  to  be  an  important  variable.  Very  little 
difference  in  radioactive  virus  yield  was  observed  if  35$. 
methionine  was  added  at  6,  30  or  54  hours  post-infection  and  virus 
harvested  at  116  hours;  however,  significant  increases  in  radio¬ 
active  virus  yields  were  observed  when  infected  cultures  were 
radiolabeled  at  both  6  and  54  hours  post -infection. 

IV.  Characterization  of  structural  proteins 

Numerous  methods  for  the  concentration  and  purification 
of  these  viruses  have  also  been  examined.  Precipitation  with 
polyethylene  glycol  (PEG)  6000,  appeared  to  be  a  superior  means 
of  concentration  as  opposed  to  direct  pelleting  by  ultra¬ 
centrifugation,  which  disrupted  virion  integrity.  Obviously 
precipitation  with  PEG  is  not  in  and  of  itself  a  significant 
purification  procedure  since  numerous  radioactive  proteins  are 
present  in  this  PEG  pellet  when  examined  by  polyacrylamide 
gel  electrophoresis  (PAGE)  and  fluorography  (  Figure  6)- 

Centrifugation  to  equilibrium  on  potassium  tartrate  (50%)- glycerol 
(30%)  gradients  has  been  shown  to  be  an  important  purification 
procedure.  A  profile  of  radiolabeled  KAR  #1  virus,  PEG  precipi¬ 
tated  and  centrifuged  on  a  potassium  tartrate-glycerol  gradient 
for  14  hours  at  40,000  rpm  in  a  SW  rotor  is  shown  in  Figure  7. 

The  infectious  virus  peak  is  indicated  by  the  arrow.  Another 
peak  of  radioactivity  was  observed  lower  in  the  gradient  (greater 
density).  The  PAGE  profile  of  this  lower  band  shows  principally 
nucleocapsid  protein  as  opposed  to  the  virion  band  which  con¬ 
tained  the  nucleocapsid  polypeptide  and  at  least  2  additional 
proteins  (Figure  6  ),  It  was  important  to  centrifuge  potassium 
tartrate  gradients  to  equilibrium  because  shorter  time  periods 
only  separated ‘the  proteins  on  the  basis  of  size  (rate-zonal) 

Figure  8  depicts  a  gradient  identical  in  composition  to  that 
shown  in  the  previous  figure  but  centrifuged  for  only  4  hours. 

The  virion  band  is  again  indicated  by  the  arrow  but  the  more 
dense  band  of  radioactivity  lower  in  the  gradient  was  considerably 
reduced. 
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FIGURE  6.  Densitometor  tracings  of  12%  acrylamide-DATD 
discontinuous  polyacrylamide  gels  developed 
by  f luorography. 
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Rate  zonal  centrifugation  of  the  KAR  #1  virion,  nucleo- 
capsid  rich  bands  and  a  Sindbis  virion  marker  is  shown  in 
Figure  9.  These  10-40%  sucrose  gradients  were  centrifuged  at 
40,000  rpm  for  60  minutes  in  the  SW  41  rotor.  These  gradients 
clearly  resolved  the  larger  Karimabad  virion  from  the  smaller 
nucleocapsid  protein  rich  fraction.  The  smaller  size  and  greater 
density  of  this  fraction  is  compatible  with  "core"  particles 
that  are  either  released  in  abundance  into  the  supernatant  fluid 
during  infection  or  are  the  result  of  disruption  of  intact 
virions  either  during  continued  incubation  with  Vero  cells  or 
during  the  PEG  concentration  procedure. 

Analysis  of  the  radiolabeled  virion  polypeptides  was 
accomplished  using  discontinuous  PAGE  on  12%  acrylamide- 
dial  lyltartardiamide  slabs.  Samples  were  treated  with  2%  sodium 
lauryl  sulfate  (SLS)  and  2%  2-mercaptoethanol  (2-ME)  at  lOO^C 
prior  to  electrophoresis.  Radioactive  polypeptides  were  detected 
by  impregnating  the  dimethylsulfoxide  dehydrated  gel  with  fluor 
(PPO)  and  exposing  the  dried  gel  to  x-ray  film  at  -70°C.  Using 
these  procedures,  the  virion  polypeptide  profile,  the  nature 
of  the  various  radioactive  gradient  fractions  and  the  purity  of 
preparations  from  various  steps  in  virion  purification  could  be 
monitored  (Figure  6  ). 

The  densitometer  tracings  of  fluorography  films  have  been 
used  for  ease  of  illustration.  The  top  tracing  shows  the  complex 
mixture  of  radiolabebled  proteins  found  in  the  PEG  precipitate 
at  an  early  stage  in  concentration.  The  second  panel  (Top 
Fraction)  describes  the  virion  fractions  from  a  density  centri¬ 
fugation  and  the  third  panel  (Middle  Fraction)  shows  the  additional 
purification  achieved  by  a  subsequent  rate-zonal  sucrose  sedimen¬ 
tation.  The  dense  nucleocapsid  rich  fractions  from  density 
centrifugation  (Bottom  Fraction)  can  be  further  purified  by  rate- 
zonal  sucrose  sedimentation  as  well  to  yield  essentially  clean 
nucleocapsid  protein  (Purified  Nucleocapsid).  The  bottom  panel 
(Purified  Virion)  shows  the  protein  profile  of  Vesicular  Stomatitis  virus 
(VSV)  included  for  purposes  of  marker  proteins. 

Although  the  reducing  agent  2-mercaptoethanol  (2-ME)  was 
routinely  used  in  the  treatment  of  samples  prior  to  PAGE,  other 
laboratories  working  with  these  agents  (D.H.L.  Bishop,  et  a1 . , 

Birmingham,  AL)  reported  that  the  two  larger  envelope  poTypet- 
tides  could  not  be  separated  unless  the  reducing  agent  was  either 
drastically  reduced  in  concentration  or  eliminated  entirely. 
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FIGURE  9.  Rate-Zonal  10-40%  Sucrose  Gradient  Centrifugation. 


The  results  of  an  experiment  testing  various  concentrations  of 
2-ME  under  similar  PAGE  conditions  is  shown  in  Figure  10. 

At  high  concentrations  (2%  2-ME)  the  two  polypeptides  were 
resolved;  however,  the  densitometer  tracings  did  not  show  two 
distinct  peaks.  At  lower  concentrations  these  proteins  were 
clearly  not  resolved  yet  the  elimination  of  2-ME  entirely  did 
show  a  disproportionate  separation.  It  was  interesting  to  note 
that  decreasing  concentrations  of  2-ME  allowed  greater  resolu¬ 
tion  of  a  small  polypeptide  migrating  slightly  faster  than  the 
nucleocapsid  protein.  Additional  experiments  are  required 
to  clearly  describe  the  polypeptide  composition  of  these  viruses. 
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FIGURE  10.  Desitometer  tracings  of  ^2t  acrylamide-DATD 

discontinuous  slab  gels  demonstrating  the  effect 
or  prior  treatment  of  35s_Karimabad  virus  with 
varying  concentrations  of  2-ME. 
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23  (U)  The  objective  of  this  Work  Unit  is  to  exploit  newly  developed  methods  of  cul¬ 
ture  of  Plasmodium  falciparum  to  elucidate  the  nechanisms  of  immunity  to  the  organism 
and  explore  the  feasibility  of  development  of  immunological  preventive  methods  against, 
this  major  military  infectious  disease  probiem. 

24  (U)  The  approach  is  to  study  the  interaction  of  Plasmodium  falciparum  with  immune 
serum  and  cells  in  vitro  and  to  develop  methods  of  antigen  production  and  immunization 

25  (U)  77  10-78  09  Studies  have  been  conducted  investigating  the  effect  of  serum  from 

immunized  owl  monkeys  on  growth  and  development  of  Plasmodium  falciparum  in  vitro.  Owl 
monkeys  were  solidly  immune  after  blood  induced  infections  which  were  cured  with  chloro- 
quine.  Serially  collected  sera  from  these  animals  were  evaluated  for  antibodies  by 
immunofluorescence  using  a  technique  developed  in  this  laboratory  which  employs  the 
culture  forms  of  P.  falciparum  as  antigen.  These  studies  demonstrate  that  maximum 
fluorescent  antibody  titers  are  obtained  shortly  after  a  boosting  immunization  with 
viable  parasites  and  that  such  sera  inhibit  the  development  of  the  parasite  in  the  in 
vitro  assay.  Development  of  the  methodology  for  culture  of  malaria  parasites  has  con¬ 
tinued.  Continuous  flow  devices,  although  theoretically  highly  desirable,  involve 

ny  technical  problems.  Antigen  for  development  of  serologic  tests  has  been  collected 
by  growth  of  parasites  in  large  cell  culture  flasks  with  frequent  medium  changes.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Report,  1  Oct  1977  - 
0  Sep  1978. 
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Work  Unit  098  Immunology  of  P.  falciparum  in  vitro 
Investigators: 

Jeffrey  Chulay,  MAJ,  MC;  Carter  Diggs,  COL,  MC;  Rufus 
Gore;  Cynthia  Hall,  SP5;  David  Haynes,  MAJ,  MC;  Lois 
Simonton;  Andre  Toussaint;  Karen  Wabnitz;  Joseph  Williams. 


Pbjective:  The  objectives  of  this  project  are  to  improve  the 
in  vitro  culture  of  the  human  malaria  parasite  Plasmodium 
falciparum  and  to  use  the  cultured  parasite  in  immunologic 
and  biochemical  studies  elucidating  the  host-parasite  relation¬ 
ship.  The  goal  is  to  determine  the  feasibility  of  a  vaccine 
against  human  malaria. 

Description;  The  continuous  culture  of  a  malaria  parasite  has 
been  possible  only  in  the  last  two  years.  Using  methods  described 
in  our  laboratory  (1),  and  at  the  Rockefeller  University  (2), 
we  have  been  growing  the  Camp  strain  of  P.  falciparum  for 
periods  of  months  without  interruption.  We  concentrated  on 
the  Camp  strain  because  it  had  been  well  adapted  to  and  exten¬ 
sively  studied  in  the  Aotus  monkey  here  at  WRAIR.  Considerable 
data  has  been  accumulated  about  the  Aotus'  immune  response 
to  this  strain,  and  immune  serum  had  been  collected  which  can 
passively  protect  in  vivo  against  this  parasite.  However,  our 
attempts  to  improve  culture  conditions  and  scale  up  growth  have 
have  thus  far  failed.  The  growth  rate  of  this  strain  under  our 
standard  conditions  was  so  variable  that  attempts  to  evaluate 
new  conditions  often  failed  for  lack  of  a  satisfactory  control; 
and  only  sporadically  were  we  able  to  achieve  parasitemias 
above  3%.  Two  lines  of  evidence  suggest  that  this  parasite  is 
unusually  sensitive  to  inhibition  of  growth  by  several  agents 
(see  below).  We  have  recently  obtained  two  other  P.  falciparum 
strains  from  other  laboratories  and  have  confirmed  that  these 
grow  much  better  thsin  the  Camp  strain  using  our  standard 
conditions.  We  therefore  plan  to  concentrate  most  of  our  efforts 
at  increasing  parasite  yields  with  these  two  strains.  We  will 
continue  to  use  the  Camp  strain  for  some  studies  of  immunity 
in  Aotus,  and  for  antigenic  comparison  with  the  other  strains. 
Working  the  past  year  with  the  Camp  strain,  our  lab  has 
nevertheless  made  several  useful  observations,  including  the 
use  of  cultured  falciparum  as  the  antigen  in  a  malaria  indirect 
fluorescent  antibody  test  (3),  and  the  development  of  a  microtiter 
well  assay  for  immune  serum  inhibition  of  parasite  growth  and 
reinvasion  (4).  In  the  past  year,  other  laboratories  have  des¬ 
cribed  methods  which  seem  promising  for  (a)  inducing  synchrony 
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so  that  the  mature  parasite  stages  which  are  thought  to  be 
antigenically  most  important  can  be  obtainedin  greater  purity; 
and  (b)  concentrating  the  parasitized  red  cells  (a first  step 
in  antigen  purification).  However  it  is  becoming  more  apparent 
that  the  mature  parasite  (eg.  merozoite)  is  a  self-destructive 
organism  (person£d  communications  from  several  labs),  making 
many  techniques  of  amtigen  anadysis  impossible  at  present.  This 
self-destruction  probably  is  one  of  the  reasons  that  such  strong 
adjuvants  have  been  necessary  to  elicit  a  protective  immune 
response  to  vaccination  with  merozoites.  Therefore  one  of  our 
high  priorities  is  to  find  methods  for  stabilizing  the  mature  forms 
of  the  parasite. 

Progress:  The  erratic  growth  of  the  Camp  straiin  of  falcipamum 
in  culture  has  severely  hampered  the  development  of  methods 
to  analyse  malaria  antigens,  and  the  immune  responses  to  these 
antigens.  There  were  a  few  periods  of  consistent  growth  (Fig.  1), 
but  by  the  middle  of  FY  78  growth  had  become  increasingly  erratic. 
Often  the  parasites  grew  well  during  the  weekend,  but  when  we 
attempted  to  use  them  during  weekdays,  their  growth  rate  dimin¬ 
ished  markedly  (Table  1).  About  this  time,  we  noted  that  the 
fumes  from  the  connecting  histology  lab  were  becoming  more 
frequently  noticeable  and  often  during  the  weekdays  were 
so  strong  in  our  lab  that  several  investigators  would  become  ill. 

In  June  1978  at  a  malaria  immunology  and  culture  conference, 
li  was  learned  that  two  other  labs  had  had  similar  problems  with 
the  exoerythrocytic  culture  stages  of  avian  malaria,  which  were 
solved  only  when  the  sources  of  fumes  were  removed.  A  short 
trial  of  culturing  our  parasite  in  another  lab  indicated  that 
improved  growth  could  be  obtained,  and  after  exploring  the  options 
it  was  decided  to  move  the  malaria  culture  and  immunology  work 
to  another  laboratory.  This  occurred  during  the  summer  of  1978. 
The  Camp  strain  is  now  growing  more  consistently,  but  still  does 
not  attain  the  growth  rates  and  parasitemias  reported  by  other 
groups  using  other  strains. 

In  order  to  determine  whether  the  limiting  factor  now  was  our 
technique  or  the  strain,  two  vigorous  strains  from  other  labora¬ 
tories  were  obtained  and  cultured  simultaneously  with  our  stan¬ 
dard  technique,  and  with  the  techniques  of  the  labs  of  their 
origins  (the  Z  strain  was  obtained  from  the  NIH,  and  the  FCR-3 
strain  from  the  Rockefeller  University).  These  experiments 
indicated  that  our  basic  technique  was  good,  but  that  serum 
supported  better  growth  of  these  strains  than  did  our  previously 
standard  fresh  frozen  plasma  (however  with  the  Camp  strain 
plasma  seemed  to  be  equally  as  good  as  serum).  Presently 
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we  are  achieving  parasitemias  of  5  to  10%,  with  growth  rates 
of  7  to  10  fold  every  two  days,  by  culturing  the  FCR-3  strain 
parasite  in  Corning  tissue  culture  flasks  containing  6%  human 
erythrocytes  v/v  in  10%  human  serum -2 5  mM  HEPES  buffered- 
RPMl  1640  gassed  with  57o  carbon  dioxide,  5%  oxygen,  90%  nitro¬ 
gen,  and  incubated  at  37  C.  Under  the  same  conditions,  the 
Camp  streiin  achieves  parasitemias  of  2  to  4%,  with  growth 
rates  of  3  to  7  fold  every  two  days.  The  higher  parasitemias 
are  achieved  with  twice  daily  media  changes. 

Previous  work  with  cultures  of  the  Camp  and  Z  strains  resulted 
in  a  paper  describing  their  use  as  antigen  in  a  malaria  indirect 
fluorescent  antibody  (IFA)  test  (ref.  3  and  Table  2).  Recently, 
cultured  parasites  have  been  concentrated  by  a  Ficoll  sedimentation 
technique  and  successfully  used  as  a  crude  antigen  in  a  microtiter 
ELISA  test  for  antimalaria  antibody. 

Further  evidence  for  the  unusual  sensitivity  of  the  Camp  strain 
to  inhibitory  influences  comes  from  a  series  of  experiments  looking 
at  the  effect  on  growth  rate  of  storage  of  the  erythrocytes  (as 
CPD  or  ACD  anticoagulated  whole  blood)  for  varying  periods  at 
4  C.  Previously,  Jensen  had  shown  thatblood  stored  for  21  days 
was  superior  to  fresh  blood  (5).  We  have  similar  findings,  but 
in  addition  find  that  blood  stored  from  2  to  7  days  is  very  poor 
at  supporting  the  growth  of  the  Camp  strain  (Fig.  z).  We  have 
not  yet  repeated  this  with  other  strains,  but  personal  commun¬ 
ications  from  other  labs  indicate  that  the  growth  of  other  strains 
of  parasites  is  not  as  much  inhibited  by  blood  stored  for  3  days. 

Four  experiments  were  done  with  the  Camp  strain  to  determine 
optimal  pH  and  osmolarity  (Figs.  3  and  4).  Using  a  dilute  suspen¬ 
sion  of  red  cells  and  parasites  grown  for  48  hours  in  microtiter 
wells,  then  pulsed  for  18  hours  with  tritiated-hypoxanthine,  and 
harvested  with  a  MASH,  it  appeared  that  the  parasite  could 
tolerate  a  moderate  range  of  pHs  and  osmolarities,  and  that  our 
standard  medium  with  a  pH  of  about  7.4  and  osmolarity  of 
about  305  mOsm  was  in  the  middle  of  both  ranges. 

Further  investigation  of  the  suitability  of  tracer  labelled 
polynucleotide  or  protein  synthesis  as  an  index  of  parasite  number 
showed  that  tritiated  hypoxanthine  and  leucine  uptEike  were  each 
susceptible  to  a  number  of  influences,  including  stage  of  the  parasite 
in  its  growth  cycle,  number  of  uninfected  red  cells  present, 
amount  of  competing  cold  isotope  present  (may  be  introduced  in 
varying  amounts  by  different  sera),  and  the  health  of  the  parasite 
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(eg.  as  influenced  by  time  between  media  changes).  Nevertheless, 
under  appropriately  controlled  conditions,  tracer  incorporation 
correlates  well  with  numbers  of  parasites  (Figs.  5  and  6). 

In  the  microtiter  plate  drug  screening  assay  (6)  inhibition  of 
parasite  growth  as  determined  by  tritiated-hypoxanthine  incorpor¬ 
ation  closely  parallels  inhibition  of  parasite  growth  as  determined 
by  morphology  (  Pig.  7). 

^bis  monkeys  immunized  with  the  Camp  strain  by  infection  and 
drug  cure  are  resistant  to  further  infection  with  that  parasite. 

Figure  8  shows  the  course  of  one  such  animal  initially  infected 
with  one  million  parasitized  erythrocytes,  and  subsequently  immune 
to  challenge  with  as  many  as  400  million  parasitized  erythrocytes 
(cryopreserved  from  its  own  previous  infection  and  shown  to  be 
infectious  in  another  monkey).  The  IFA  titer  of  the  monkey's 
serum  rose  following  the  initial  infection,  Eind  was  boosted  by 
the  subsequent  challenge.  Sera  taken  from  these  monkeys 
when  the  IFA  titer  was  high  was  heat  inactivated  and  incorporated 
into  microtiter  well  cultures  of  the  parasite,  and  after  2  to  4 
days,  the  amount  of  growth  was  assessed  morphologically.  Pre- 
immune  sera  often  enhanced  growth,  whereas  immune  sera  consis¬ 
tently  decreased  growth  (4).  The  effect  was  more  marked  and 
could  be  titered  out  further  in  the  4  day  cultures  (Fig.  9). 

Discussion:  Although  much  has  been  left  undone  because  of 

the  problems  with  growth  of  the  Camp  strain,  now  that  laboratory 
conditions  are  more  satisfactory,  and  other  strains  have  been 
obtained  which  are  more  vigorous  in  culture,  more  rapid  progress 
may  be  hoped  ^’or  in  the  analysis  of  parasite  antigens  and  their 
relationships  to  protective  immune  responses.  Amounts  of  parasite 
produced  can  be  scaled-up  by  using  larger  flasks  and  manually 
changing  the  medium  more  often,  however  atten^ts  to  develop 
an  automated  flow  system  are  not  being  abandoned.  Particular 
attention  will  be  paid  to  the  assessment  of  methods  for  synchron¬ 
izing  and  purifying  the  mature  stages  of  the  parasite.  Methods 
of  stabilizing  the  merozoite  are  being  sought.  Techniques  for 
immunochemical  evaluation  of  parasite  antigens  are  being  pursued. 
Arrangements  have  been  made  to  visit  a  leading  laboratory 
in  the  field  of  serum-free  culture,  so  that  more  rapid  progress 
may  be  made  toward  independence  from  human  serum,  which 
in  addition  to  its  other  problems,  is  in  short  supply.  Other 
assays  for  in  vitro  correlates  to  protective  immunity  are  being 
investigated. 


Legends  for  Figures 


Figure  1.  Growth  of  £.  falciparum  (Camp  strain)  in  culture  medium 
199  with  15  mM  TES  buffer  and  10%  fresh  frozen  human  plasma  (heat 
inactivated). 

Figure  2.  Effect  of  storing  red  cells  in  ACD  or  CPD  at  4C  for 
varying  periods  of  time.  Growth  of  the  Camp  strain  for  four  days 
in  medium  RPMI  1640  with  25  mM  HEPES  buffer  and  10%  fresh  frozen 
plasma,  6%  Hct,  5  ml  per  25  sq  cm  flask,  gassed  with  5%  carbon 
dioxide,  5%  oxygen,  90%  nitrogen.  Medium  (4  ml  per  flask)  changed 
daily.  Data  from  six  experiments  representing  blood  from  3  donors. 

Figure  3.  Effect  of  initial  pH  on  parasite  growth  (Camp  strain) 
as  evaluated  by  tritiated-hypoxanthine  incorporation.  18  hour 
pulse  of  0.5  uCi  after  48  hour  pre-incubation  of  0.1%  parasitemia, 
1%  Hct  (x),  or  0.25%  Hct  (o),  250  yl  per  microtiter  plate  well, 
in  triplicate.  Grown  at  37C  in  a  box  gassed  with  5%  carbon  dio¬ 
xide,  5%  oxygen,  and  90%  nitrogen.  Harvested  with  distilled  water 
onto  glass  fiber  filter  paper  with  a  multiple  automated  sample 
harvest^  (MASH)  apparatus,  and  counter  in  scintillation  fluid. 

Data  from  two  experiments  with  osmolarity  kept  constant  at  300 
mOsm.  The  pH  was  adjusted  with  varying  amounts  of  NaCl  and  NaHC03 
solutions,  and  measured  after  equilibration  with  5%  carbon  dioxide 
on  a  Corning  blood  gas  machine  at  37  C. 

Figure  4.  Effect  of  osmolarity  on  parasite  growth  with  pH  held 
constant  at  7.4.  The  osmolarities  were  adjusted  with  NaCl  solu¬ 
tions  and  measured  by  freezing  point  depression.  Conditions  other¬ 
wise  were  as  stated  for  figure  3.  The  standard  medium  has  a  pH 
of  7.37  and  an  osmolarity  of 
300  mOsm. 

Figure  5.  Correlation  of  tritiated-hypoxanthine  incorporation 
with  morphologic  determination  of  parasite  number  at  time  zero. 

All  cultures  in  triplicate  microtiter  plate  wells,  1%  Hct,  200  yl , 
were  pulsed  with  1.5  yCi  for  18  hours,  after  an  initial  pre-incu¬ 
bation  of  0,  24,  or  48  hours.  Harvested  with  distilled  water,  and 
MASH  apparatus. 

Figure  6.  Correlation  of  tritiated-leucine  incorporation  with 
morphologically  determined  parasite  number  at  time  zero.  Leucine- 
free  RPMI  1640,  1.5%  Hct,  0.5  yCi  tritiated-leucine  pulse,  normal 
saline  harvest.  Conditions  otherwise  the  same  as  stated  for  figure 
5. 
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Figure  7.  Comparison  of  drug  inhibition  of  parasite  growth  assayed 
morphologically  and  isotopically.  Serial  two-fold  dilutions  of  drug 
(in  this  case  chloroquine  from  139  to  2.2  ng/ml )  were  made  in  25  yl 
media  per  well.  Quadruplicate  cultures  of  0.5%  parasitemia  (Camp 
strain),  1.5%  Hct,  200  yl  per  well  were  added  and  incubated  as  pre¬ 
viously  described.  At  24  hours,  duplicate  wells  were  harvested  for 
morphological  determination  of  parasitemia,  and  duplicate  wells 
were  pulsed  with  0.5  yCi  tritiated-hypoxanthine.  After  another  18 
hours,  the  pulsed  cultures  were  harvested  with  distilled  water  and 
a  MASH  apparatus,  and  the  incorporation  determined  by  scintillation 
counting.  The  effective  dose  of  drug  to  cause  a  50%  inhibiton  (ED- 
50)  was  calculated  by  a  nonlinear  computer  analysis. 

Figure  8.  Infection  (Camp  strain)  followed  by  drug  cure  protects 
an  Aotus  monkey  against  further  parasitemia  when  challenged  with 
parasitized  autologous  erythrocytes  (PE).  The  same  PE  caused  a 
fulminant  infection  in  a  non-immune  monkey.  Serum  anti-malaria 
antibody  was  detected  by  an  indirect  fluorescent  antibody  test  using 
fluorescein  conjugated  rabbit  anti -Aotus  IgG,  and  cultured  parasites 
as  antigen.  Similar  results  were  obtained  in  two  other  monkeys. 

Figure  9.  Immune  serum  inhibits  parasite  growth  in  a  microtiter 
plate  assay.  Aotus  sera  were  taken  before  (non-immune),  or  10 
weeks  after  (immune)  chloroquine  drug  cure  of  a  Camp  strain  infection. 
Sera  were  heat- inactivated  (56  C  for  30  minutes)  and  then  serially 
diluted  into  triplicate  cultures  of  the  Camp  strain  (0.2%  parasitemia 
in  0.8%  Hct  type  0  human  erythrocytes,  media  as  in  figure  2,  250  yl 
per  well).  Media  wash  changed  (200  yl  per  well)  daily  for  three  days 
and  cultures  harvested  for  morphological  evaluation  on  day  4.  Similar 
but  slightly  less  dramatic  results  were  obtained  with  2  day  assays. 

A  satisfactory  isotopic  method  has  not  yet  been  devised  because 
different  sera  have  different  effects  on  tritiated-hypoxanthine  uptake 
sometimes  discordant  with  their  effects  on  morphological  growth. 


T  able  1 


Growth  of  P.  falciparum  after  4  months  in  culture. 


Days  of  the  week 


Highest 

Parasitemia 


Multiplication  rate 
per  48  hour  cycle 


Wednesday-  Friday  0.2%  2.3 

Friday -Monday  0.8%  6.2 

Monday- Friday  0.4%  2.8 

Friday -Tuesday  1.6%  11.6 

Tuesday-Friday  0.1%  1.2 

Friday -Monday  1.0%  5.6 


Table  2 

Indirect  fluorescence  antibody  test  using  two  strains 
of  cultured  P.  faJciparum  as  antigen 

IFA  titer  using 


serum 

Camp  strain 

Z  strain 

reference  pos. 

320 

320 

African  1 

320 

320 

African  2 

5.  120 

1,280 

control  1 

<10 

<10 

control  2 

10 

10 

R3 


I 


Effect  of  initial  pH  on  parasite  growth  (Camp  strain)  as  evaluated  by  tritiated- 
hypoxanthine  uptake  (18  hr.  pulse  after  48  hr.  pre- incubation). 

Two  experiments.  300  mOsm. 


lypoxanthine  uptake  ( 18  hr.  pulse  after  48  hr.  pre- incubation). 
Two  experiments,  pH  7.  4. 
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23.  (U)  To  find  nc*w  drti^s  with  ilK'moprtjphyl.'n'i  i<-  or  cdR^motiu'rapinjt  ic  activity  against 
tfie  cutaneous  and  visccTal  forms  of  1  <.*  i  shman  i  .js  i  s ,  <i  parasitic  infection  of  tiie 
reticuloendothelial  system,  which  ])os{‘s  a  serious  liazard  of  disability,  disfigurement 
and  death  to  military  [personnel  operating  in  most  of  the  tropical  and  subtropical 
regions  of  the  world,  including  Larin  America,  Asia,  Africa  and  the  Near  i^ast.  The  only 
drugs  currently  available  are  antimonials,  which  arc  iiazardous  to  use  and  frequently 
Inef  feet i ve. 

24.  (0)  Selected  cliemical  compounds  1 rom  the  malaria  drug  inventory  will  be  tested 
for  an t i le 1 shman ia 1  activity  (1)  in  vitro,  (2)  in  laboratory  rodents,  (3)  in  subhuman 
primates  or  canines.  A  si-ries  of  lei.shmania  models  which  have  been  developt'd  or  modi¬ 
fied  by  this  laboratory  will  he  usc(i  lo  icsi  candidate  an  t  i  1  <•  i  shman  ia  I  drugs:  (1) 

Axenic  and  cell  cultures  ot  Le  i  shriia  ti  i  a  hra/illensis  amas  t  i  got  es ,  (2)  I.,  donovani  in 
hamsters,  (  i)  L.  tropica  I  ti  rodcuis,  (4)  I,,  hra/iliensis  in  Mystrcjmys  albicaudatus  rats, 
(3)  I..  donovani  in  Macaca  f  asc  i  cti  1  .i  r  i  s  ,  (b)  L.  dotiovani  In  canines. 

23.  (r)  77  10  -  7H  00.  M  i  n  I  a  l  ur  i  za  i  i  on  and  es  t  .ih  1  I  sfimen  t  of  dose  response  curves  for 

known  active  ant  i  1  «•  i  shman  i .» !  drugs  have  heiu)  achieved  for  the  in  vitro  drug  screening 
system.  Wetrk  continues  cuj  furfln-r  m  I  n  Li  l  ur  i /a  1 1  f)n  and  automation  of  this  system.  The 
fi  1  sto  I  og  I  ca  1  sludie?}  of  the-  I>r.iz  i  1  i  ens  j  s /Mvs  L  romys  model  have  been  completed.  The 
Mystromys  has  demonstrated  a  susec-pt  i  b  I  1  1 1  v  i  (»  L.  mexieana  and  data  indicates  that  this 

system  may  he  useful  tor  pro[)hy  1  ac  t  i  c  r.c  r  eer»  I  r’.g .  Li|)osome  encapsulated  drugs  have 

demonstrated  markedly  Inc  reased  clflc.tcy  in  rodents  arid  work  is  progressing  to  pursue 
these  leads  in  advanc<‘d  animal  mcxlels,  Kor  Technical  Report,  see  Walter  Reed  Army 
Institute  of  Kesearc-h  Animal  I’rogress  Kc-port  ,  1  Oct  77  -  30  Sep  78. 
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PROJECT  3A16n01A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Work  Unit  099  Chemotherapy  and  Chemoprophylaxis  of  Leishmaniasis 


Investigators. 

Principal:  MAJ  Larry  D.  Hendricks 
CPT  George  C.  Childs 
Associate:  CPT  LuAnn  McKinney 

LT  CMDR  Erich  Stafford 

I.  IN  VITRO  DRUG  SCREENING  USING  CULTURES  OF  AXENIC  AMASTI60TES. 

An  in  vitro  system  for  culturing  leishmanial  amastigotes  free 
of  host  cells  has  been  adapted  for  screening  candidate  anti- 
leishmanial  drugs.  Promastigotes  of  Leishmania  brazil iensis  are 
grown  in  Schneider's  Drosophila  medium  at  270C,  and  transf^ormed 
to  amastigotes  by  a  change  to  Medium  199  and  temperature  eleva¬ 
tion  to  34OC.  These  axenic  amastigotes  are  then  exposed  to 
graded  concentrations  of  control  and  candidate  drugs.  The  treat¬ 
ed  amastigotes  are  washed  and  again  transferred  to  Schneider's 
medium  at  27^0.  Failure  of  these  amastigotes  to  convert  and  grow 
out  as  promastigotes  is  indicative  of  drug  activity.  Data  on  the 
effects  of  standard  and  experimental  drugs  such  as  the  pentava- 
lent  antimonials,  Glucantime  and  Pentostam,  at  various  exposure 
times  are  being  accumulated  to  characterize  and  standardize  the 
test.  Current  efforts  include  evaluation  of  automated  cell 
counting  techniques  to  support  this  drug  screening  system. 

Very  little  information  is  available  to  establish  whether  the 
regional  differences  in  response  of  leishmaniasis  to  chemotherapy 
are  due  to  natural  geographic  variation  in  the  parasite  or  its 
host,  or  whether  they  are  due  to  development  of  resistance  from 
repeated  ineffective  drug  treatment.  Initial  experiments  indi¬ 
cate  that  the  axenic  amastigote  culture  system  may  also  be  useful 
for  demonstrating  and  studying  drug  resistance  in  various  strains 
or  species  of  Leishmania.  Priority  efforts  are  underway  to 
explore  this  particular  approach. 

Investigations  of  L-glycyl-L-histidyl-L-lysine  as  a  chemical¬ 
ly  defined  substitute  for  fetal  calf  serum  (FCS)  in  Schneider's 
medium  and  Medium  199  used  for  the  amastigote  culture  system 
have  been  completed.  Low  concentrations  of  this  material  (40 
nanograms/ml)  are  sufficient  to  support  rapid  growth  of  promasti¬ 
gotes  of  several  species  of  Leishmania;  however,  promastigotes 
cultured  in  Schneider's  medium  with  the  serum  substitute  failed 
to  convert  to  viable  amastigotes  when  placed  in  Medium  199  at 
370c  with  either  L-glycyl-L-histidyl-L-lysine  or  30%  FCS.  These 


results  suggest  that  the  substitute  may  lack  an  essential  compo¬ 
nent  necessary  to  support  the  promastigote-amastigote  conversion, 
and  thus  this  substance  will  not  permit  use  of  a  chemically  de¬ 
fined  media  for  the  axenic  amastigote  system.  However,  with  this 
chemically  defined  serum  replacement,  we  now  have  a  system  for 
the  cultivation  of  mass  quantities  of  Leishmania  promastigotes  in 
a  commercially  available  defined  medium.  Such  organisms  will  be 
useful  for  antigenicity,  immunological,  metabolic  or  similar 
studies  in  which  large  numbers  of  organisms  and  a  defined  media 
are  essential . 

Collaborative  efforts  with  Drs.  Shiigi  and  Mishell,  Depart¬ 
ment  of  Bacteriology  and  Immunology,  University  of  California, 
Berkeley,  to  identify  the  Leishmania  growth  factor(s)  provided  to 
various  lots  of  PCS  by  growth  of  a  cryophilic  bacterium  are 
continuing. 

II.  ANIMAL  MODELS  OF  LEISHMANIASIS. 

A.  Mystromys  albicaudatus  (African  white-tailed  rat) 

Evaluation  of  the  infection  of  1.  braziliensis  on  M. 
albicaudatus  as  an  animal  model  for  cutaneous  leishmaniasis  has 
continued.  An  investigation  of  the  gross  and  histological  path¬ 
ology  of  Leishmania  braziliensis  infections  from  the  time  of 
infection  through  12  weeks  has  been  completed.  This  study  in¬ 
volved  54  animals  with  groups  of  infected  animals  and  inoculum 
vehicle  controls  sacrificed  at  24,  48,  72  hrs,  and  then  sequen¬ 
tially  on  a  weekly  basis  through  12  weeks. 

Grossly,  the  lesion  started  as  a  raised  nodule  that 
continued  to  increase  in  size  and  then  ulcerate.  Scarring  of  the 
lesion  occurred  subsequent  to  bacterial  contaminations.  Micro¬ 
scopically,  the  lesion  initially  exhibited  an  acute  exudative 
inflammation  that  progressed  to  a  local  chronic  granulomatous 
dermatitis.  The  granulomatous  stage  was  severe,  with  cellulitis, 
exudation,  and  massive  infiltration  of  neutrophilic  cells.  The 
granulomatous  lesion  also  contained  numerous  histiocytes  contain¬ 
ing  myriads  of  developing  Leishmania  amastigotes.  As  the  lesion 
progressed  the  occurrence  of  epitheloid  cells  with  peripheral 
fibroplasia  characterized  the  tissue  response.  In  some  cases 
satellite  lesions  were  formed  from  small  foci  of  infected 
histiocytes.  The  progression  of  these  satellite  lesions  mimicked 
the  development  of  the  "parent"  granulomatous  lesion.  In  a  few 
cases  in  which  a  regression  of  the  lesion  was  noted,  an  infiltra¬ 
tion  of  small  lymphocytes  was  observed  at  the  margins  of  the 
lesion.  The  progression  of  these  lesions--in  particular,  the 
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sequence  of  cellular  responses  associated  with  their  development- 
parallels  closely  the  sequence  as  reported  from  human  infections. 

The  long  life  span  of  Mystromys ,  up  to  five  years,  may 
enable  it  to  be  used  in  a  model  to  study  long-term  chronic  infec¬ 
tions.  Studies  to  investigate  the  pathogenesis  of  infection  with 
a  human  mucocutaneous  isolate  over  a  three  year  period  have  been 
initiated.  Such  studies  may  provide  important  information  on  the 
metastatic  process  which  leads  to  mucocutaneous  manifestations  in 
man. 


Infections  of  Mystromys  with  L.  brazi liens is  have  been 
utilized  for  testing  therapeutic  candidate  anti  leishmanial  drugs, 
e.g.,  Glucantime  and  WR  6026,  and  for  evaluating  the  efficacy  of 
liposome-encapsulated  drugs  against  cutaneous  leishmanial 
infections. 

A  pilot  investigation  to  evaluate  the  use  of  this  animal 
model  for  the  screening  of  candidate  prophylactic  leishmanial 
drugs  has  been  completed.  Results  indicate  that  a  regimen  of 
Glucantime  equivalent  to  that  used  clinically  in  man,  i.e.,  100 
mg/kg/day  x  10  days,  when  administered  three  days  post  inocula¬ 
tion  with  5  X  10^  amastigotes  of  1.  mexicana,  delayed  the 
development  of  grossly  visible  lesions  for  seven  weeks  (see 
Figure  1 ) . 

Using  this  data  as  a  basis  for  comparison,  a  collabora¬ 
tive  protocol  for  the  investigation  of  candidate  prophylactic 
anti  leishmanial  drugs  has  been  initiated  with  LT  CMDR  Erich 
Stafford,  Ph.D.,  Assistant  Professor  of  Microbiology,  Uniformed 
Services  University  of  the  Health  Sciences,  Bethesda,  MD. 

III.  USAMRDC  CONTRACTED  LEISHMANIAL  PROJECTS. 

The  Leishmania  Section,  Division  of  Experimental  Therapeu¬ 
tics,  has  been  designated  by  USAMRD  Command  as  monitor  and 
technical  advisor  for  a  group  of  U.S.  Army  contracts  for  research 
on  leishmaniasis.  This  research  includes  studies  to  characterize 
the  anti  leishmanial  activity  of  chemical  compounds  synthesized 
and/or  provided  by  WRAIR  and  studies  to  evaluate  the  utility  of 
new  treatment  techniques  based  on  novel  concepts  of  drug 
del ivery. 

Results  of  these  contract  studies  have  identified  several 
promising  chemotherapeutic  leads  which  are  being  investigated. 
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IV.  LIPOSOME-ENCAPSULATED  DRUGS 


The  efficacy  of  antimonial  drugs  against  experimentally  in¬ 
duced  visceral  leishmaniasis  in  the  hamster  has  been  dramatical¬ 
ly  enhanced  by  incorporating  these  drugs  into  artifically  pro¬ 
duced  multilamellar  lipid  spherules  called  liposomes.  When  lipo¬ 
somes  of  appropriate  size  and  phospholipid  composition  containing 
Pentostam  or  Glucantime  were  administered  intravenously,  they 
were  rapidly  phagocytized  by  cells  of  the  reticuloendothelial 
system,  the  cells  which  harbor  the  leishmanial  organisms  in  an 
established  infection.  This  allows  gradual  release  of  the  active 
drug  within  the  cells  containing  the  parasite.  The  liposome  en¬ 
capsulated  antimonials  suppressed  leishmanial  infections  in  the 
hamster  at  doses  of  antimony  less  than  0.15%  of  that  required  for 
the  unencapsulated  drug,  and  the  encapsulated  drugs  were  equally 
effective  against  both  early  (3  day)  and  established  (17  day) 
infections.  Additional  preclinical  investigations  are  in  pro¬ 
gress  . 

A  contract  that  provides  the  Army  with  the  means  of  screen¬ 
ing  candidate  compounds  for  activity  against  visceral  leishmani¬ 
asis  in  the  hamster  model  has  revealed  a  series  of  related 
compounds  with  a  high  degree  of  antileishmanial  activity. 

The  characteristics  of  the  activity  of  this  newly  discovered 
series  of  6-methoxy-4-methyl -8-ami noquinolines  have  been  studied 
in  the  hamster  model.  The  most  active  compound  in  this  class 
(WR  6026)  was  approximately  700  times  as  active  as  the  standard 
antimonial  drug,  Glucantime,  against  L.  donovani  when  administer¬ 
ed  orally  to  hamsters.  This  compound  was  also  approximately  700 
times  as  active  as  Glucantime  in  vitro  against  axenic  amastigotes 
of  a  mucocutaneous  strain  of  l^.  brazil iensis.  Further  preclini¬ 
cal  efficacy  and  toxicological  studies  are  in  progress. 

V.  CRYOBANK  PROJECT. 

The  collection  of  reference  strains  and  new  isolates  of 
Leishmania  has  continued.  Currently  this  collection  consists  of 
288  specimens  including  79  new  strains  and  91  new  stabilates 
which  were  added  this  year.  Fifty-four  of  these  are  primary 
human  isolates  which  were  made  by  this  laboratory.  Acquired 
stabilates  of  particular  interest  are  a  series  of  isolates  of 
cases  of  canine  visceral  leishmaniasis  from  Spain,  France  and 
Algeria,  and  clinically  documented  Pentostam-resistant  human 
visceral  and  cutaneous  strains  from  Kenya. 
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VI.  DIAGNOSTIC  LABORATORY  SERVICES, 


As  the  result  of  an  EPICON  conducted  in  1977  in  response  to 
a  request  for  aid  in  the  diagnosis  of  suspect  cases  of  cutaneous 
leishmaniasis  among  personnel  of  the  82nd  Airborne  Division,  Ft. 
Bragg,  NC,  a  collaborative  effort  between  the  HCS,  Ft.  Bragg, 
and  WRAIR  was  undertaken.  The  objective  of  this  study  was  to 
determine  the  overall  attack  rate  of  cutaneous  leishmaniasis 
among  personnel  exposed  during  Zh  weeks  of  training  at  the  U.S. 
Army  Jungle  Warfare  Center,  Ft.  Sherman,  Canal  Zone.  A  battalion 
of  approximately  630  men  was  chosen.  Prior  to  their  scheduled 
departure  for  Panama,  these  men  were  bled  for  serum  and  were 
asked  to  fill  out  a  questionnaire  concerning  their  previous 
travel  histories  in  leishmania-endemic  areas.  Approximately  two 
months  after  the  completion  of  jungle  training  the  men  were  again 
bled  and  examined  for  persistent  skin  lesions.  Thirty  patients 
with  suspect  papular  or  ulcerative  skin  lesions  were  cultured  by 
the  needle  aspirate-Schneider's  medium  technique.  Most  lesions 
were  on  the  appendages  below  the  elbow  or  knee  with  the  majority 
on  the  lower  leg.  Leishmanial  promastigotes  were  cultured  from 
11  of  these  servicemen  in  the  endemic  area.  Approximately 
nonths  after  the  return  of  this  battalion  to  the  U.S.  a  third 
serum  sample  was  collected. 

Sera  collected  on  these  individuals  was  submitted  for 
seriological  test.  The  indirect  fluorescent  antibody  test  con¬ 
ducted  at  WRAIR  and  by  Dr.  Bryce  Walton  at  Gorgas  Memorial  Labor¬ 
atory,  the  direct  agglutination  test  conducted  at  CDC,  Atlanta, 
GA,  and  the  ELISA  conducted  by  LAIR  all  failed  to  detect  anti¬ 
body  against  Leishmania  in  the  sera  collected  at  the  time  the 
positive  cultures  were  acquired.  To  date  the  results  of  this 
study  indicate  an  approximate  attack  rate  of  16/1000.  There  were 
no  differences  in  attack  rates  attributable  to  age  or  race 
correlation. 

A  similar  study  involving  approximately  60  West  Point  Cadets 
who  participated  in  jungle  warfare  training  during  August  of  1978 
is  being  conducted. 

Because  of  this  increased  awareness  of  the  occurrence  of 
cutaneous  leishmaniasis  in  U.S.  military  personnel,  this  labora¬ 
tory  has  been  involved  in  a  service-wide  evaluation  of  75  sus¬ 
pected  leishmania  patients  this  year.  From  these,  29  primary 
human  isolates  have  been  obtained.  During  evaluation  of  patients 
with  the  needle  aspiration  and  culture  diagnostic  technique, 
Schneider’s  insect  medium  +  30%  v/v  FCS  was  compared  with  the 
widely  used  NNN  blood  agar  media.  Schneider's  was  approximately 


5  times  more  sensitive  as  a  diagnostic  tool  for  both  Old  and  New 
World  cutaneous  leishmaniasis.  In  55  patients  from  which  cultures 
were  attempted,  promastigotes  were  observed  in  38  of  the 
Schneider's  medium  cultures  in  an  average  of  6.0  days,  compared 
to  only  eight  of  the  NNN  cultures  becoming  positive  in  an  average 
of  11.6  days  (see  Figure  2). 

VII.  CLINICAL  TRIALS  OF  NEW  PENTOSTAM  TREATMENT  REGIMENS. 

Military  patients  returning  to  the  U.S.  from  Panama  or 
Brazil  with  cutaneous  lesions  of  L.  brazil iensis  of  4-12  months 
duration  have  often  failed  to  respond  to  two  or  more  courses  of 
Pentostam  therapy  using  the  approved  CDC  regimen.  Two  revised 
Pentostam  regimens,  designed  in  an  attempt  to  sustain  more  uni¬ 
form  blood  levels  of  antimony,  are  being  investigated  under  a 
WRAIR  IND  protocol.  Initial  results  indicate  the  importance  of 
early  recognition  and  treatment  of  cutaneous  lesions,  as  all  of 
the  first  11  cases  with  lesions  of  less  than  three  months 
duration  have  been  apparently  cured  with  a  single  course  of 
therapy  with  either  the  standard  or  experimental  regimens.  Blood 
levels  of  antimony  in  patients  receiving  the  various  regimens  are 
being  compared  to  determine  the  optimal  course  of  therapy. 

A  compilation  of  data  derived  from  military  Leishmaniasis 
patients  seen  at  WRAIR  and  treated  at  WRAMC  during  the  18  months 
period  from  April  1977  to  September  1978  provides  the  following 
statistics:  (1)  35  suspect  Leishmania  cases  have  accumulated 
1468  man-days  away  from  their  units  while  under  evaluation  or  ^ 

treatment,  a  total  of  4.02  lost  man-years  and  an  average  of  41.9  ^ 

man-days  lost  per  patient;  (2)  26  confirmed  cases  have  accumu¬ 
lated  1409  lost  man-days  during  evaluation  or  treatment,  an 
average  of  54.9  man-days  lost  per  patient. 

(3)  The  nine  suspect  cases  that  ultimately  proved  to  be 
negative  for  Leishmania  based  on  culture  evaluation  lost  a  total 
of  59  man-days  away  from  their  units  or  an  average  of  6.5  man- 
days  lost  per  man. 

(4)  Based  upon  the  actual  pay  grade  of  the  individual 
patients  involved  and  assuming  that  they  were  in  the  middle  pay 
grade  increments  for  their  particular  grade,  the  following 
figures  were  calculated:  total  cost  of  wages  of  all  suspect  cases 
of  leishmaniasis  was  $38,115.00;  wages  paid  to  patients  with  con¬ 
firmed  leishmaniasis  while  under  evaluation  or  treatment  was 

$35,890.00;  and  wages  paid  to  non-confirmed  cases  while  under  ^ 

evaluation  was  $2,226.00.  Total  hospital  cost  incurred  by  the  > 
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Army  for  the  treatment  of  the  26  cases  of  cutaneous  leishmaniasis 
treated  at  WRAMC  was  approximately  $139,400.00. 
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MYSTROMYS  ALBICAUDATUS  INFECTED  WITH 
LEISHMANIA  MEXICANA  (5  X  10®  AMASTIGOTES) 


WEEKS  POST  INOCULATION 

Leishmanj^  mexicana  lesion  development  in  Mystroitiys  albicaudatus  treated 
with'  various  regimens  of  Glucantime  administered  three  days  after  an 
infection  of  b  x  10^  amastigotes. 
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(U)  Cell-mediated  immunity 


(U)  Hemorrhagic  Shock;  (U)  liarbituate  Anesthesia 
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23  (U)  To  evaluate  the  effect  of  experimental  shock  and  tiie  stress  of  surgery  on  the 
immunological  competence  of  the  subject  individual.  These  studies  will  provide  insight 
to  the  effects  of  trauma  on  the  combat  casualties  ability  to  resist  infection.  It  is 
possible  that  therapeutic  approaches  uill  result  to  reduce  infection  rate  in  combat 
casualties . 

24  (U)  Various  tests  of  cell-mediated  immunity  will  be  used  to  assess  the  competence 
of  the  immune  system.  Using  canines  subjected  to  anesthesia  or  iiemorrhagic  shock,  the 
ability  of  the  small  lymphocyte  to  proliferate  (as  measured  by  a  blastogenesis  assay) 
and  function  (as  measured  by  antibody  dependent  and  lectin-induced  cellular  cyto- 
•oxicity  tests)  uill  be  monitored.  Adenosine  deaminase,  an  enzyme  which  appears  to  be 
important  in  the  cellular  proliferation  of  stimulated  lymphocytes  uill  also  be  monitored 

25  (U)  77  10  -  78  09  beven  canines  administered  anesthetic  doses  of  sodium  pento¬ 

barbital  were  significantly  immunosuppressed  as  early  as  two  hours  after  drug  injection. 
Recovery  started  24  hours  after  anesthesia.  Results  were  significant  to  a  95  to  98 
percent  confidence  level  depending  upon  the  mitogen  used.  In  vitro  studies  confirmed 
the  in  vivo  observations.  The  anesthetic  effect  of  the  in  vitro  studies  were  reversed 
by  washing  pentobarbital  pre-treated  cells  in  assay  medium  before  plating.  In  con¬ 
junction  with  Roswell  Park  Memorial  Cancer  Institute  we  have  quantitated  the  ADA  activ- 


For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report 
1  Oct  77  -  30  bej,t  78. 
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Work  Unit  100  Host  defense  mechanism  responses  to  stress  and 
shock 


Investigator 

Principal:  MAJ  Joseph  Formelster 

The  effect  of  anesthesia  on  cell-mediated  Immunity  with  a 
canine  model. 


A.  Background  and  Statement  of  the  Problem.  Infection  Is  a 
leading  cause  of  morbidity  and  mortality  following  anesthesia  and 
surgical  Insult  or  trauma.  It  Is  not  known  to  what  extent  cell- 
mediated  Immunity  Is  compromised  In  these  states,  and  hence 
responsible  for  permitting  bacterial  Invasion  to  go  unchecked. 

Several  investigators  have  suggested  that  barbltuates  used 
during  the  Induction  of  clinical  anesthesia  severely  compromise 
the  ability  of  the  small  lymphocyte  to  proliferate.  Lymphocyte 
proliferation  would  be  Important  If  a  proper  Immune  response  Is 
to  be  generated  against  Invading  pathogens.  The  studies  reported 
In  the  literature  are  complicated  by  multiple  drug  administrations, 
che  nature  of  the  patients  underlying  disease,  assay  techniques, 
etc.  Furthermore,  there  are  no  studies  on  the  functional  capabil¬ 
ity  of  the  circulating  lymphocytes. 

There  are  also  scattered  reports  which  suggest  that  the 
proliferation  of  lymphocytes  from  traumatized  patients  and 
Individuals  with  sepsis  Is  diminished.  All  of  the  problems  sited 
above,  which  render  Interpretation  of  the  anesthetic  effects  on 
immune  responsiveness  impossible,  are  also  applicable  to  these 
reports  as  well. 

The  purpose  of  this  study  is  threefold:  First,  to  develop 

a  canine  model  for  the  study  of  cell-mediated  immune  responses. 
Second,  to  evaluate  the  effect  of  anesthetic  agents  on  cellular 
Immunity  responses  using  this  model  system  and  third,  to  study 
the  effect  of  hemorrhagic  shock  on  cellular  Immunity  responses 
using  this  same  model  system. 

B.  Experimental  Approach.  Our  work  to  date  deals  with  the 
effect  of  barbiturate  anesthesia  on  the  proliferative  capacity 
of  the  small  lymphocyte. 
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Lymphocytes  separated  from  whole  blood  samples  collected  at 
intervals  from  5  healthy  canines  before,  during,  and  after  intra¬ 
venous  administration  of  an  anesthetic  dose  of  pentobarbital  were 
washed  three  times  in  culture  medium  before  final  plating. 

Prepared  cells  were  Incubated  for  3  days  in  approportate 
concentrations  of  fractionated  phytohemagglutinin  P,  pulsed  with 
H  thymidine,  harvested,  and  counts  per  minute  (c.p.m. )  recorded. 
Lymphocytes  for  ^  vitro  testing  were  separated  from  whole  blood 
samples  of  6  healthy  previously  unanesthetized  canines  and  each 
sample  treated  in  2  ways.  In  experimental  group  I,  lymphocytes 
were  Incubated  for  3  days  with  mitogen  in  anesthetic  (1.5  -  3.0 
mg  %)  or  toxic  (6.0  mg  %)  pentobarbital  concentrations  before  H- 
thymldine  pulsing.  In  experimental  group  II,  lymphocytes  were 
pretreated  for  3  hours  in  the  aforementioned  barbiturate 
concentrations,  washed  3  times  in  culture  medium  and  then 
incubated  for  3  days  with  mitogen. 

C.  Results  and  Discussion.  In  vivo  testing  showed  a 
significant  decrease  in  thymidine  uptake  in  cultures  of 
lymphocytes  sampled  3  hours  after  pentobarbital  injection  when 
compared  with  preanesthetic  control  cultures  (p<0.05).  Full 
recovery  was  appreciated  in  cultures  from  cells  sampled  at  24 
hours,  and  was  coincident  with  disappearance  of  pentobarbital 
from  the  blood  stream.  ^  vitro  lymphocyte  cultures  (experimental 
group  I)  showed  significantly  diminished  thymidine  uptake  when 
compared  with  cultures  Incubated  in  the  absence  of  barbiturate 

(p  <0.05).  In  experimental  group  II,  washing  pentobarblral  pre¬ 
treated  cells  with  culture  medium  reversed  the  drug's  inhibitory 
effect . 

In  conclusion,  pentobarbital  anesthesia  can  significantly 
depress  the  immune  response  as  monitored  by  a  mitogen-induced 
blastogenesls  assay,  using  canine  lymphocytes  both  ^  vivo  and 
in  vitro.  This  suggests  that  barbiturates  administered  during 
the  Induction  phase  of  clinical  anesthesia  may  contribute  to  the 
diminished  Immune  response  reported  after  surgery.  Furthermore, 
whereas  the  proliferative  ability  of  lymphocytes  pretreated  with 
pentobarblta]  Iji  vitro  can  be  reversed  by  washing  the  cells  in 
culture  medium,  lymphocytes  exposed  to  pentobarbital  Iji  vivo 
are  so  altered  that  washing  alone  does  not  restore  their  ability 
to  proliferate  normally. 

D.  Recommendations.  Pentobarbital  anesthesia  can  signifi¬ 
cantly  inhibit  mitogen  Induced  blastogenesls  or  the  ability  of 
lymphocytes  to  proliferate.  Our  next  attempt  will  be  to  evaluate 
the  jji  vivo  and  Jji  vitro  effect  of  sodium  pentobarbital  on  the 
functional  capacity  of  the  circulating  lymphocyte. 
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23  (U)  Platelet  activity  and  survival  will  be  evaluated  in  an  animal  model  of  surgical 
stress.  The  mechanism  of  action  of  various  antithrombotic  agents  will  be  determined. 

The  role  of  platelets  and  thrombotic  mechanisms  in  wound  iiealing  will  be  evaluated. 

These  studies  are  militarily  relevant  in  terms  of  potential  value  in  treating  arterial 
and  venous  thrombosis  secondary  to  peripheral  vascular  trauma. 

24  (U)  Rabbits  and  dogs  will  be  used  to  devise  a  model  with  shortened  platelet  survival. 
Platelet  function  and  thrombogenesis  will  be  assessed  in  conditions  under  which  platelet 
survival  is  shortened.  A  comparison  of  In  vivo  and  in  vitro  effects  of  drugs  inhibiting 
platelet  function  will  be  studied  using  platelet  aggregometry ,  malonyldialdehyde 
production  by  platelets,  and  platelet  14C-serotonin  release.  Wound  healing  strength 

in  rabbits  will  be  studied  under  conditions  of  severe  thrombocytopenia  broughtabout  by 
injecting  sheep  anti-rabbit  platelet  serum. 

25  (U)  77  10  -  78  09  It  was  found  that  shortening  platelet  survival  time  results  in 

increased  sensitivity  of  platelets  to  aggregating  agents,  in  vivo  release  of  serotonin, 
and  impaired  platelet  thrombogenesis.  Aspirin,  in  all  dosages  tested,  was  found  to 

arkedly  suppress  in  vitro  platelet  function  and  there  was  no  dose-response  relationship, 
Ttie  impairment  of  in  vivo  platelet  thrombogenesis,  however,  was  found  to  be  highly  cor- 
I'elated  with  the  aspirin  dose.  Preliminary  results  suggest  that  severe  thrombocytopenia 
imf;alr3  wound  tension  strength. 

or  technical  report  see  Walter  Heed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  77  -  30  .Gept  78. 
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I.  In  vivo  interactions  between  platelets  and  prosthetic  arterial 
surface 


A.  Background  and  Statement  of  the  Problem.  It  is  widely 
accepted  that  platelets  adhere  and  aggregate  on  prosthetic  surfaces 
In  the  arterial  circulation  and  that  this  interaction  may  result 

in  thromboembolism.  The  purpose  of  the  present  investigation  has 
been  to  find  out  if  there  are  changes  in  platelet  function  result¬ 
ing  from  this  Interaction.  The  implication  is  that  if  there  are 
changes  in  platelets  and  their  function,  then  this  would  influence 
subsequent  thrombotic  and  hemostatic  events. 

B.  Experimental  Approach.  Thoracoabdominal  aortic  bypass 
grafts  of  woven  Dacron  were  placed  in  15  dogs  to  create  an  animal 
model  in  which  the  arterial  blood  would  be  continuously  and 
chronically  exposed  to  a  prosthetic  surface.  Biochemical, 
morphological,  and  functional  studies  of  platelets  were  carried 
before  and  after  placement  of  the  grafts.  To  divorce  the 
influence  of  major  surgery  alone  upon  the  platelet  studies,  8  sham 
animals  undergoing  thoracotomy  without  insertion  of  graft  were 
studied  in  identical  fashion.  In  all  of  these  animals,  the 
following  specific  studlej  were  carried  out.  Platelet  survival 
time  was  measured  using  ''^Cr  labelled  autologous  platelets.  Dose 
response  platelet  aggregometry  was  carried  out  to  determine  the 
lowest  or  threshold  dose  of  adenosine  diphosphate  (ADP)  or  collagen 
necessary  to  bring  about  full,  sustained,  and  maximal  platelet 
aggregation.  Biochemical  measurements  of  platelet  serotonin, 
adenosine  diphosphate,  and  adenosine  triphosphate  were  also  carried 
out.  Studies  of  platelet  uptake  and  release  of  l^C-serotonin  were 
also  performed.  Morphologic  studies  Include  platelet  electron 
microscopy  and  platelet  size  determination  using  the  Coulter  Counter 
electronic  particle  size  analyser.  Additionally,  platelet 
prostaglandin  synthesis  was  assessed  by  measuring  thrombin  stimulated 
malonyld ialdehyde  production,  a  prostaglandin  endoperoxide 
metabolite.  In  addition  to  the  platelet  studies,  several  routine 
hematologic  and  coagulation  tests  were  performed  including  serial 
determinations  of  hematocrit,  white  cell  count,  platelet  count. 
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prothrombin  time,  thrombin  time,  partial  thromboplastin  time, 
euglobulin  lysis  and  fibrinogen  levels. 

C.  Results  and  Discussion.  In  animals  with  grafts  the 
platelet  count  significantly  decreased  and  returned  to  normal 
levels  6-8  weeks  after  graft  placement.  In  those  undergoing 

sham  operations,  thrombocytosis  occurred  as  the  expected  response 
to  major  surgery.  This  suggested  that  in  animals  with  grafts, 
platelets  were  being  consumed. 

Consumption  of  platelets  was  confirmed  by  platelet  survival 
studies.  In  animals  with  grafts  platelet  survival  time  was 
significantly  reduced  when  compared  to  pre-op  measurements.  In 
animals  undergoing  sham  operation,  platelet  survival  time  was 
unchanged. 

In  the  animals  with  grafts  the  sensitivity  to  aggregating 
agents  was  markedly  Increased  in  that  the  threshold  aggregating 
dose  of  ADP  Was  reduced  to  1/7  the  pre-op  level  and  that  of 
collagen  to  1/2.  In  the  sham  operated  animals  there  were  no 
changed  in  these  parameters. 

Platelet  serotonin  levels  in  graft  animals  were  significantly 
reduced  for  up  to  4  months  after  placement  of  the  prosthetic 
surface.  During  this  time,  serotonin  levels  gradually  returned  to 
normal.  Also  during  this  time  platelet  survival  time  lengthened 
although  it  did  not  return  to  normal.  These  data  suggested  that 
platelet  interaction  with  the  graft  led  to  platelet  release  of 
serotonin  and  that  as  the  Interaction  lessened,  platelets 
retained  more  of  their  serotonin.  In  sham-operated  animals, 
there  were  no  changes  in  platelet  serotonin  levels. 

At  present  we  can  document  no  changes  in  platelet  adenin 
nuclotide  levels  (ADP  and  ATP).  This  is  still  under  investigation, 
however . 

The  platelet  sizing  studies  have  shown  no  significant  changes 
in  mean  cell  volume  and  the  electron  microscopic  studies  are 
Incomplete.  Also  incomplete  but  still  under  investigation  are 
the  prostaglandin  studies. 

D.  Conclusions  and  Recommendations.  These  studies  have 
documented  that  platelet  Interaction  with  prosthetic  arterial 
surfaces  results  in  marked  changes  in  platelet  function  and 
biochemistry.  These  findings  will  be  presented  on  the  Surgical 
Forum  at  the  American  College  of  Surgeons  meeting  in  October  1978. 
The  next  phase  of  this  project  is  to  find  out  the  relevance  of 
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these  platelet  changes  ot  thrombogenesls. 


II.  Platelet  Changes  Induced  by  Prosthetic  Arterial  Surfaces 

and  Platelet  Thrombogenesls. 

A.  Background  and  Statement  of  the  Problem.  In  the  first 
project,  multiple  changes  in  platelets  and  platelet  function 
occurred  with  exposure  to  prosthetic  arterial  surfaces.  The 
purpose  of  this  project  was  to  determine  the  Influence  of  these 
changes  on  subsequent  platelet  thrombogenesls. 

B.  Experimental  Approach.  To  address  this  problem,  it  was 
necessary  to  create  a  reproducible  animal  model  of  thrombosis 
dependent  upon  platelet  functions.  Arteriovenous  shunts  using 
silastic  tubing  were  placed  in  dogs  in  the  femoral  artery  and 
vej-iis  or  the  Internal  carotid  artery  and  external  jugular  vein. 

Flow  rate  within  the  shunt  was  controlled  at  200  ml/mln  using 
an  adjustable  partially  occluding  clamp  on  the  tubing.  After 
stabilizing  the  flow-rate,  the  tubing  was  clamped  and  a  piece 

of  40  u  polyester  mesh  was  interposed  into  the  tubing  in  the 
manner  of  a  diaphragm.  The  clamps  were  removed,  flow  re¬ 
established,  and  the  time  for  flow  to  cease  was  recorded. 

Cessation  of  flow  occurred  because  of  the  formation  of  an 
occlusive  thrombus  that  formed  on  the  polyester  mesh.  Experimental 
results  detailed  below  documented  that  the  formation  of  the  thrombus 
and  occlusion  time  (T-0)  was  dependent  upon  platelet  function. 

This  experiment  was  carried  out  pre-operatively  and  2-6  months 
post -operatively  in  many  of  the  dogs  undergoing  graft  and  sham 
operations  mentioned  in  the  first  project. 

C.  Results  and  Discussion.  Multiple  experiments  determined 
that  the  A-V  shunt  T-0  was  dependent  upon  platelet  function. 

First,  the  T-0  was  strikingly  inversely  correlated  with  the  flow 
rate.  That  Is,  as  the  flow  rate  was  increased  the  occlusion 
time  decreased.  This  suggested  that  T-0  was  dependent  upon 
platelet  function  because  as  the  flow  rate  increased  more  platelets 
were  delivered  to  the  mesh  and  more  platelet-mesh  and  platelet- 
platelet  interactions  occurred.  Such  flow  dependent  phenomena  is 
classically  descriptive  of  platelet  participation  in  thrombo¬ 
genesls. 

Further,  Inhibitors  of  platelet  function  would  reproducibly 
,  prolong  A-V  shunt  T-0.  Most  striking  In  this  regard,  were 

i  aspirin  and  prostaglandin  F.^  ,  both  of  which  markedly  prolonged  T-0. 
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Lastly,  the  occlusive  thrombi  forming  upon  the  mesh  were 
examined  by  light  and  electron  microscopy.  These  thrombi  were 
almost  entirely  composed  of  degranulated  platelets. 

In  animals  with  grafts  In  place,  the  A-V  shunt  T-0  was 
prolonged  2-3  fold  over  pre-operative  values.  This  striking  change 
was  not  observed  in  animals  undergoing  sham  operation. 

D.  Conclusion  and  Recommendations.  These  findings  suggested 
that  platelet  changes  brought  about  by  Interaction  with  prosthetic 
arterial  surfaces  resulted  in  imparled  platelet  participation  In 
thrombogenesls.  These  results  will  be  presented  at  the  Third 
National  Conference  on  thrombosis  at  the  annual  American  Heart 
Association  meeting  in  Dallas,  Texas  in  November  1978. 

III.  Urinary  Excretion  of  5-hydroxv  Indole  Acetic  Acid  (5HIAA) 
as  an  Index  of  Platelet  Survival  Time 


A.  Background  and  Statement  of  the  Problem.  The  measurement 
of  platelet  survival  time  has  clinical  relevance  in  that  it  may 
predict  patients  predisposed  to  thrombosis  as  well  as  identify  those 
who  will  benefit  from  platelet  inhibitor  therapy.  Among  the  many 
isotopic  methods  of  labelling  platelets^ for  measuring  platelet 
survival,  the  most  widely  used  is  the  chromium  technic.  This 
technic,  although  highly  accurate,  is  time  consuming,  cumbersome, 
and  requires  special  skills  which  have  retarded  its  widespread 
clinical  application.  Other  non-isotoplc  technics  have  recently 
been  introduced  but  have  been  found,  in  general,  to  be  unsatls- 
f  actory . 

It  is  proposed  that  the  urinary  excretion  of  5-HIAA  might 
reflect  alterations  in  platelet  survival  and  provide  a  simple 
means  of  its  determination.  The  rationale  for  this  is  that 
platelets  release  serotonin  during  aggregation.  I_n  vivo ,  the 
platelet  release  of  serotonin  has  been  suggested  by  increased 
urinary  excretion  of  5-HIAA,  a  serotonin  metabolite.  This  has 
been  noted  inthe  postoperative  state  when  platelet  survival  Is 
shortened.  It  has  also  been  noted  that  Inhibitors  of  the  platelet 
release  reaction  such  as  aspirin  and  dextran  significantly  decrease 
the  post-operative  rise  in  5-HIAA.  These  considerations  have  led 
us  to  formulate  the  hypothesis  that  changes  In  platelet  survival 
will  be  reflected  In  alterations  in  urinary  excretion  of  5-HIAA. 


B.  Experimental.  Rabbits  were  initially  used  to  devise  an 
animal  model  of  shortened  platelet  survival  time  and  this  was 
discussed  in  detail  in  last  years  annual  report.  Section  I.  This 
model  was  found  to  be  unsatisfactory  because  of  difficulties  in 
accurate  urine  collections.  The  model  was  abandoned  and  the  dogs 
with  thoracoabdominal  aortic  grafts  were  used  since  they  had 
documented  shortened  platelet  survival  time.  Measurements  of  5HIAA 
excretion,  platelet  serotonin  levels,  serotonin  uptake  and 
release  uptake  and  release  and  platelet  survival  time  were  carried 
over  a  6  month  period  before  and  a  5  month  period  after  placement 
of  grafts.  At  different  intervals  during  these  periods  the  animals 
were  treated  with  aspirin,  aspirin  plus  dipyridamole,  and 
sulfinpyrazone  and  the  measurements  repeated. 

C.  Results  and  Discussion.  These  studies  are  still  in 
progress  but  preliminary  data  Indicate  that  as  platelet  survival 
is  shortened  after  graft  placement,  platelet  serotnin  levels 
drop,  and  urinary  5HIAA  excretion  Increases.  However,  treatment 
with  platelet  Inhibitors  seem  to  have  no  Influence  on  these 
parameters.  That  is,  with  grafts  in  place,  treatment  of  the 
animals  with  platelet  inhibitors  does  not  affect  the  shortened 
platelet  survival  time,  reduced  platelet  serotonin  levels,  or 
urinary  5HIAA  excretion. 

D.  Conclusions  and  Recommendations.  The  increase  in  urinary 
5HIAA  excretion  with  shortening  platelet  survival  time  is  of 
Interest.  However,  the  inability  of  platelet  inhibitors  to  alter 
this  and  other  parameters  is  disappointing.  It  is  unclear,  at 
present,  whether  measuring  urine  5HIAA  and/or  platelet  serotonin 
will  be  of  any  value  in  determining  states  of  altered  platelet 
kinetics. 
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23.  (U)  To  find  new  drugs  with  cliemoprophylnct ic  or  chemotherapeutic  activity 
against  African  trypanosomiasis,  a  debilitating  and  frequently  fatal  disease  which 
would  pose  a  serious  threat  to  militiiry  personnel  operating  In  Central  Africa. 

Epidemic  transmission  during  military  operations  is  a  distinct  possibility.  Currently 
available  drugs  are  neither  safe  to  use  nor  fully  effective  in  therapy.  There  are  no 
adequate  drugs  for  prophylaxis. 

24.  (U)  Laboratory  models  developed  In  iliis  laboratory  will  be  utilized  to  test 
selected  chemical  compounds  from  the  malaria  drug  inventory  for  activity  against 
Trypanosoma  rhodesiense:  (1)  in  vitro,  (2)  in  laboratory  mice,  (3)  In  cynomolgus 
monkeys . 

25.  (U)  77  10-78  09.  The*  conditions  for  incorporation  of  radiolabel  led  thymidine 
and  glucosamine  In  vitro  by  blood  from  trypomast Igotes  have  been  optimized.  Dose 
response  curves  for  both  indicators  have  been  demonstrated  with  a  variety  of 
effective  drugs.  A  major  problem  continues  to  be  the  uncertainty  of  the  glucosamine 
label  specificity  for  the  glycoprotein  coat.  To  provide  a  useful  screen,  therefore, 
leucine  will  be  used  in  place  of  glucosamine,  though  it  is  not  a  specific  label  for 
the  glycoprotein  coat.  Optimum  conditions  for  the  simultaneous  incorporation  of. 
thymidine  and  leucine  are  now  being  evaluated.  In  addition,  work  will  continue 
toward  the  development  of  a  relatively  specific  glycoprotein  coat  lab«  !• 

Technical  Report,  see  Walter  Reed  Army  Institute  of  Research  Annual  Progrc.ss  Report, 

)  Oct  77-30  Sep  78. 
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1 ,  Description 

African  trypanosomiasis  Is  a  parasitic  disease  which  poses  a 
potentially  serious  threat  to  U.S.  military  personnel  who  may  be 
required  to  operate  In  the  large  areas  of  Africa  in  which  this 
disease  Is  endemic.  All  drugs  which  are  currently  available 
for  use  against  this  disease  are  less  than  fully  effective 
and/or  have  serious  side  effects.  Efforts  to  develop  drugs 
effective  against  this  disease  include  screening  and  evalua¬ 
tion  of  candidate  chemotherapeutic  and  chemoprophylactic  agents 
by  Iji  vivo  and  ^  vitro  techniques  and  elucidation  of  metabolic 
processes  of  the  trypanosomes  by  laboratory  investigation. 

In-house  research  is  supported  by  and  coordinated  with  con¬ 
tract  research  monitored  within  the  Department  of  Parasitology, 
Division  of  Experimental  Therapectics ,  WRAIR 

2 .  Progress 

a .  Primary  Mouse  Screen 

The  primary  ^n  vivo  screen  in  mice  utilizes  the  (Wellcome 
CT  strain  of  Trypanosoma  rhodesiense .  Compounds  are  administered 
subcutaneously  to  mice  which  have  received  a  lethal  dose  of  para¬ 
sites  (intraperltoneal  injection  of  0.5  ml  of  a  1:50,000  di¬ 
lution  of  heparinized  blood  from  heavily  infected  donor  mice). 
Active  compounds’  extend  survival  time  beyond  that  of  untreated 
infected  control  mice  (A. 5  +0.3  days).  Treated  mice  surviving 
30  days  are  considered  to  be  cured. 

Since  1972,  approximately  14,000  compounds  have  been  screened 
and  nearly  400  have  had  reportable  activity.  In  the  past  year 
3000  of  these  compounds  were  tested  and  activity  was  exhibited  by 
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123  compounds.  The  greatest  number  of  "actives"  (37)  were  in  the 
triphenyl  phosphonium  series.  There  were  also  16  novel  arsenicals 
with  activity. 

b.  Induction  of  Drug  Resistance  in  Trypanosoma  Rhodesiense 

Mice  infected  with  Wellcome  CT  strain  Trypanosoma 
rhodesiense  were  treated  orally  with  suboptlmal  doses  of  anti¬ 
trypanosomal  drugs  in  an  attempt  to  Induce  drug  resistant  strains. 

ICR/HA  mice  were  inoculated  intraperitoneally  with  in¬ 
fected  blood  on  day  0,  and  treated  orally  or  subcutaneously  with 
the  test  drug  on  day  0  and  day  1.  On  day  3  or  4,  the  blood  of 
these  mice,  containing  parasites,  was  inoculated  into  a  second 
group  for  further  drug  pressure. 

A  drug  sensitive  strain  of  T.  rhodesiense  was  made 
progressively  more  resistant  to  Berenil  over  a  period  of  2 
months  of  drug  pressure  through  22  line  passages.  The  strain  was 
520-fold  resistant  to  Berenil  at  that  point.  After  6  months  and 
61  passages  under  continued  drug  pressure,  resistance  to  Berenil 
has  not  increased  further. 

The  activity  of  other  antitrypanosomal  drugs  against  the 
Berenil  resistant  line  was  determined.  The  resistant  line  was 
fully  sensitive  to  Suramin,  but  was  highly  cross-resistant  to 
Stllbamidlne ,  Melarsoprol,  and  Pentamidine, 

The  Wellcome  CT  strain  was  also  exposed  to  drug  pressure 
with  Suramin,  Melarsoprol  and  Stllbamidlne.  Suramin-induced  re¬ 
sistance  has  continued  to  increase  progressively  through  14 
months  of  drug  pressure  and  136  line  passages.  Melarsoprol  re¬ 
sistance  developed  relatively  rapidly  in  6  weeks  through  16  line 
passages  under  Melarsoprol  pressure,  reaching  64-fold  by  the 
16th  passage.  Stllbamidlne  resistance  emerged  slowly,  reaching 
32-fold  after  14  months  and  138  line  passages  under  Stllbamidlne 
pressure.  The  Stllbamidlne  resistant  line  is  also  cross- 
resistant  to  Berenil  and  Melarsoprol. 

c .  In  Vitro  Antitrypanosomal  Drug  Screening  System 

During  the  reporting  period,  this  laboratory  has  con¬ 
tinued  to  develop  .  n  automated  ^  vitro  system  for  evaluation  of 
potential  antltrypiiuosomal  compounds.  Several  changes  have  been 
introduced  requirin',  further  optimization  of  culture  conditions. 
The  system  is  now  1  imctlonal  and  should  soon  be  producing  weekly 


reports  In  a  standard  format. 


The  parasites,  T^.  rhodeslense .  are  grovm  in  Walter  Reed 
rats  and  harvested  for  the  culture  system  as  outlined  in  previous 
reports.  Approximately  ten  rats  per  week  will  be  used  to  main¬ 
tain  the  system.  The  parasite  is  maintained  by  continuous  passage 
In  vivo  and  stabllates  are  maintained  in  liquid  nitrogen  storage. 

Previous  efforts  to  obtain  reliable  baseline  data  for 
the  incorporation  of  ^^C-glucosamine  as  a  glycoprotein  coat  label 
were  not  successful.  The  avid. utilization  of  glucose  by  blood 
stream  forms  of  the  parasite  is  the  major  obstacle  to  successful 
use  of  this  interesting  label.  Several  modifications  of  the 
culture  media  were  investigated  to  improve  the  uptake  of  ^^C- 
glucosamine  with  varying  results.  Alternative  nutrient  energy 
sources,  such  as  glycerol  and  glycerol  3-phosphate,  were  also 
evaluated.  None  of  these  alterations  provided  the  reliable  re¬ 
sults  needed  for  a  general  screen. 

A  decision  was  made  recently  to  use  a  labelled  amino 
acid  Instead  of  an  amino  sugar  in  conjunction  with  a  DNA  label 
and  this  has  proven  to  be  quite  satisfactory.  The  system  now 
employs  a  dual  label  with  I^C-leucine  and  ^H-thymldine  as  in¬ 
dicators  of  drug  activity.  The  parasites  are  cultured  in  RPMI 
1640  with  5  gm/L  of  glucose  and  a  bicarbonate  buffer  system.  Anti¬ 
biotics  are  not  used  in  the  culture  system.  Optimum  conditions 
with  respect  to  the  concentration  of  thymidine,  leucine,  and  pH 
in  the  present  medium  have  been  established,  and  the  kinetics  of 
incorporation  of  both  isotopes  have  been  characterized. 

The  ability  to  detect  a  differential  effect  on  incorpora¬ 
tion  of  each  of  the  labelled  precursors  has  been  demonstrated 
using  thloguanine  to  inhibit  JH-thymidlne  and  puromycin  to  in¬ 
hibit  l^C-leucine  incorporation.  Other  compounds  with  less 
specific  antitrypanosomal  activity  tend  to  affect  both  parameters 
of  viability. 

The  data  analysis  programs  for  the  Tektronix  4051  Graphics 
Computing  System  have  been  completed.  Data  recorded  on  paper 
punch  tape  is  now  read  automatically  into  the  computer.  A  log- 
transformed  pseudo-linear  regression  is  performed  on  the  data 
for  each  compound,  generating  an  estimate  of  the..  ED-50,  95%  con¬ 
fidence  inte^rvals,  and  statistical  analysis  by  ANOVA  of  the  re¬ 
gression.  There  are  two  ED-50  values  for  each  compound,  repre¬ 
senting  50%  inhibition  of  uptake  for  each  of  the  two  labelled 
precursors . 


A  number  of  known  effective  antitrypanosomal  drugs  have 
already  been  evaluated  in  this  system.  Most  of  these  have 
shown  a  significant  effect  ^  vitro.  Examples  of  4  compounds 
indicating  their  ED^q  values  are  presented  in  Table  1.  Astiban 
is  used  as  a  positive  control  because  of  its  potency  and  repro¬ 
ducibility.  Pentamidine  and  ethidium  bromide  are  also  very 
effective  in  this  system.  Interestingly,  the  complex  compound, 
Suramin,  is  quite  ineffective  ^  vitro.  This  may  be  due  to  any 
of  several  possible  factors.  The  drug  may  require  ^  vivo 
metabolism  to  an  active  form,  or  its  mechanism  of  action  may  be 
such  that  we  are  unable  to  detect  activity  in  a  three  hour  culture, 
with  the  two  precursors  employed  in  the  system.  Suramin  is  known 
to  be  a  slow  acting  drug  in  vivo. 

Future  work  to  establish  the  value  of  this  system  as  a 
primary  screen  is  planned.  A  number  of  correlative  ^  vitro 
and  ^  vivo  studies  with  several  classes  of  compounds  are 
anticipated.  Incorporation  of  the  labelled  precursors  as  an 
index  of  parasite  viability  is  also  being  investigated. 

In  addition  to  providing  a  primary  screening  function  for  the 
antitrypanosomal  drug  development  program,  this  in  vitro  system 
will  be  employed  to  study  mechanisms  of  drug  action,  drug  inter¬ 
action  and  drug  resistance  phenomena.  A  number  of  specific  drug 
resistant  lines  of  T.  rhodesiense  are  now  available.  These  will 
be  characterized  and  evaluated  for  cross  resistance  in  vitro. 


Table 
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23(U)  To  clarify  interactions  between  cultured  gut  mucosa  and  pathogenic  microbes  in- 
:luding  bacteria,  viruses  and  microbial  toxins.  The  results  will  provide  new  informa¬ 
tion  which  should  clarify  the  pathogenesis  of  acute  diarrheal  diseases  in  military  per¬ 
sonnel  . 

24(U)  Conventional  morphologic  techniques  including  phase  contrast,  light  and  electron 
nicroscopy,  histochemistry,  immunochemical,  biochemical,  and  isotope  tracer  methods  are 
Jeing  used.  Methods  such  as  interference  microscopy  and  cinematography  will  also  be 
idded  as  the  work  progresses. 

25(U)  77  10-78  09  Utilizing  a  modified  Rose's  tissue  culture  chamber  and  conventional 

Falcon  culture  bottles,  the  viability  and  growth  of  the  guts  of  the  guinea  pigs  and 
mice  in  vitro  have  been  continuously  studied.  Fetal  small  and  large  intestine  epithelia 
cells*Tabsorptive,  goblet,  Paneth  and  Argentaffine  cells),  endothelial  cells,  mesenchy¬ 
mal  cells  (lymphocytes,  macrophages,  mast  cells,  fibroblasts,  smooth  muscle  and  nerve 
cells)  could  be  grown  and  remain  viable  up  to  two  weeks  while  adult  counterparts  do  not 
survive  more  than  2  days.  Current  efforts  have  been  directed  toward  the  synthesis  of 
UNA,  glycoprotein,  cyclic  AMP  and  immunoglobulin  A.  For  technical  reports,  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report,  I  Oct  77  -  30  Sep  78. 
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Work  Unit  103  Infections  of  Cultured  Intestines  by  Pathogenic 
Microbes 

Investigators: 

Principal:  Akio  Takeuchi,  M.D. 

Associate;  Han  Cho,  Ph.D. 

Description 

To  develop  a  reliable  and  reproducible  method  for  the  organ 
culture  of  the  small  and  large  intestine  of  experimental  animals 
and  man.  The  cultured  intestine  will  be  employed  in:  (1)  Studies 
of  responses  of  the  intestinal  mucosa  and  submucosa  to  various 
microbes  and  microbe-derived  toxins;  special  attention  will  be  paid 
to  cinematographic  recordings  as  well  as  conventional  static  obser¬ 
vations  on  various  cellular  interactions  of  the  intestinal  epithe¬ 
lial  mucosa  with  various  microbes  and  toxins;  (2)  Studies  of 
replication  sites  of  certain  enteroviruses  in  the  cultured  intes¬ 
tine. 


These  studies  should  provide  valuable  new  information  which 
will  clarify  as  yet  unsolved  problems  in  pathogenesis  of  acute 
infectious  diarrheal  diseases  common  in  military  personnel. 

Background: 

Organ  culture  techniques  have  proven  to  be  of  considerable 
value  in  the  study  of  respiratory  tract  infections  in  man  and 
animals.  Recently,  interest  has  developed  in  the  organ  culture 
of  enteric  tissues  for  the  cultivation  of  viruses  (Dolin,  1970, 
Derbyshire  and  Cpllins,  1971,  and  Rubenstein  et  al.,  1971)  provided 
evidence  of  the  multiplication  of  viruses  in  organ  cultures  of  the 
small  intestine  of  the  human  embryo.  Dolin  et  al .  (1972)  reported 
that  viral  antigens  from  viruses  which  belong  to  different  viral 
groups  were  successfully  detected  in  human  fetal  intestinal  organ 
cultures  by  itnmunofl uorescent  techniques.  Kagnoff  et  al.  (1972), 
in  their  organ  culture  study  of  adult  rabbits,  have  reported  that 
the  metabolic  function  and  synthesis  of  macromolecular  substances 
including  secretory  IgA  were  still  active  after  24  hours  culture  in 
a  Petri  dish.  Explants  of  human  small  intestine  of  normal  subjects 
and  patients  with  ulcerative  colitis  v/ere  maintained  in  culture  up 
to  24  hours  (Eastwood  and  Trier,  1973). 
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Most  of  the  chambers  used  by  the  above  investigators  appeared 
adequate  for  the  growth  of  certain  viruses  and  for  evaluation  of 
limited  metabolic  activities  of  the  cultured  intestine.  These 
chambers  do  not  allow  for  an  immediate  and  accurate  sequential 
method  of  morphologic  and  physico-chemical  evaluation  of  intestines 
growing  in  culture.  This  shortcoming  prompted  the  development  of 
a  new  chamber  allowing  a  convenient  observation  during  actual  organ 
growth.  The  chamber  we  have  developed  by  triodifying  Rose's  chamber 
provides  easier  handling  of  tissues  and  better  visualization  of 
growing  cells  and  tissues  under  the  phase  contrast  microscope  than 
conventional  culture  chambers. 

Results: 


I .  Culture  Chambers 

A.  Modification  of  Rose's  Organ  Culture  Chamber:  This 
revised  system  not  only  provides  for  easier  handling  of  tissues 
than  the  old  chamber,  it  also  offers  more  precise  visualization  of 
growing  cells  and  tissues  under  the  microscope.  By  adding  poly¬ 
ethylene  gas  exchange  tubes  to  the  old  Rose's  chamber  model,  the 
medium  can  be  continually  exposed  to  gases  in  the  incubator  for  pH 
control.  The  previously  used  method  of  inserting  dialysis  strips 
to  hold  tissue  fragments  in  the  chamber  was  replaced  in  the  revised 
method:  collagen  gels  have  been  successfully  extracted  from  rat- 
tail  in  our  laboratory  and  are  used  to  form  films  of  collagen  to 
which  explants  easily  attach.  In  this  new  system,  normal  tissues 
display  excellent  survival,  growth  rates  and  the  architecture  of 
the  tissues  can  be  maintained  to  direct  them  toward  normal  matura¬ 
tion. 


B.  Falcon  T- flask:  Another  organ  culture  chamber  is  also 
in  use  for  culturing  fetal  intestine  tissue.  Survival  and  develop¬ 
ment  of  normal  tissue  can  be  observed  under  an  inverted  microscope 
for  periods  up  to  3  weeks. 

II .  Culture  Media 


Several  different  media,  i.e.,  Eagle's  minimum  essential 
medium  (EDEM),  Ham  F-12,  Basal  medium  Eagle,  Medium-199,  and 
Trowell's  medium,  were  initially  tested  for  their  ability  to  sup¬ 
port  the  growth  of  the  explants.  EDEM  was  selected  for  primary 
use  because  it  gave  the  most  consistent  results  in  maintaining 
colonic  explants  in  culture  for  extended  periods  of  time  when  com¬ 
pared  to  the  other  media. 

A.  Development  of  a  New  Medium:  Our  present  studies  of  media 
include  special  supplements  of  glucose  and  methionine.  Cultures 
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in  the  early  stages  of  growth  rapidly  consume  great  amounts  of 
glucose.  Methionine  is  a  major  amino  acid  component  of  mucopro- 
teins.  In  addition,  concentration  of  vitamins  and  hormones 
(specifically  hydrocortisone,  insulin,  and  thyroxine)  in  the 
selected  medium  are  being  monitored  because  of  their  effects  on 
differentiation  of  intestinal  cells  in  animals.  Several  types  of 
sera  have  been  examined  for  their  ability  to  sustain  explant  sur¬ 
vival,  specifically  horse,  human,  and  fetal  bovine  serum  (FBS)  in 
progressive  concentrations  of  5-20%.  So  far  the  best  results  were 
obtained  by  using  FBS  (10%). 

III.  Phase  Microscopic  Observations  on  Cultured  Intestines 

A.  Modified  Rose's  Chamber:  Small  fragments  1  mm  in  length 
of  intestines  from  mouse  embryo  of  mid-gestation  (12-14  days)  have 
been  routinely  cultured  in  modified  Rose's  chambers  for  7  to  10 
days  and  in  a  few  cases  up  to  14  days.  All  cases  had  viable  epi¬ 
thelium  at  10  days.  However,  our  latest  data  show  an  increase  in 
survival  time  of  the  cultures,  with  viable  epithelium  appearing 
after  10  days  in  culture.  When  cylindrical  pieces  of  intestine 
preserve  their  normal  shape  in  culture,  they  contract  rhythmically. 
Contractions  commence  only  after  a  period  of  latency  which  probably 
corresponds  to  the  time  taken  for  the  development  of  a  muscular 
wall . 

IV.  Physico-chemical  Characterization  of  Organ  Cultures 

Incorporation  of  precursors  into  cellular  macromolecules,  and 
immuno- tracers  all  served  to  initiate  analyses  of  function  and 
metabolism  of  intestinal  tissues  growing  in  modified  Rose's  cham¬ 
bers.  A  small  percentage  of  Falcon  chambers  were  also  used  in 
formulating  these  analyses. 

A.  Protein  and  Glycoprotein  Synthesis:  The  explants  were 
incubated  with  medium  containing  L-leucine  [l-'^C]  or  D-glucosamine 
hydrochloride  [l-’^C]  for  4  to  12  hours.  At  one  to  three  days 
intervals,  the  explants  were  homogenized  in  chilled  0.04%  CaCl2 
and  an  aliquot  of  this  homogenate  was  used  to  determine  total  pro¬ 
tein  or  glycoprotein  concentration  using  the  Lowry  method.  Acid 
insoluble  proteins  were  then  precipitated  from  the  remaining  homo¬ 
genate  by  addition  of  30%  trichloroacetic  acid  and  6%  phosphotungs- 
tic  acid.  The  pellet  was  washed  with  chloroform-methanol  (1:1  by 
volume),  dried,  and  then  dissolved  in  0.5  N  NaOH  for  determinations 
of  radioactivity.  Analysis  of  secretory  products  of  these  explants 
was  obtained  by  dialyzing  their  culture  medium  for  2  to  3  days 
against  exchanges  of  0.15  M  NaCl  and  then  measuring  the  radioactiv¬ 
ity  present  in  the  dialyzed  medium. 
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This  dialyzed  solution  is  being  examined  for  the  presence  of  IgA  by 
itimunodif fusion  with  rabbit  anti-mouse  IgA  serum  (Miles  Lab.). 

Conclusion  and  Recommendation; 

1.  One  of  the  major  difficulties  encountered  in  culturing 
tissues  in  closed  organ  culture  chambers  is  maintaining  the  proper 
level  of  pH  for  tissue  growth;  this  problem  was  overcome  by  our 
addition  of  polyethylene  gas  exchange  tubes  to  Rose's  chamber 
systems.  In  this  chamber,  collagen-coated  coverglass  improves 
attachment  of  explants  without  using  dialysis  strips.  In  contrast 
to  previous  observations,  we  have  been  able  to  maintain  mouse  in¬ 
testine  in  culture  for  up  to  3  weeks  with  satisfactory  preservation 
of  mucosal  morphology  and  continuation  of  epithelial  cell  prolifera' 
tion. 

2.  Prolonged  in  vitro  steady  state  protein  and  glycoprotein 
synthesis  by  intestinal  explants  have  for  the  first  time  been  dem¬ 
onstrated  in  our  laboratory.  Further  investigations  involving 
stimulation  of  mucosal  adenyl  cyclase,  with  subsequent  elevation  of 
cAMP  level  by  bacterial  enterotoxins  associated  with  diarrhea  will 
be  initiated. 

3.  The  formation  of  this  •‘pithelial  layer  in  culture  chambers 
offers  a  new,  promising  experimental  model  to  study  the  mechanism 
by  which  epithelial  elements  repair  mucosal  injuries  caused  by 
enteric  pathogens. 
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B.  Deoxyribonucleic  Acid  (DNA)  Synthesis;  The  explants  were 
incubated  with  medium  containing  [methyl -^Hj-thymidine  (1  Ci/ml,  617 
Ci  ininole)  for  4  to  12  hours  and  homogenized  in  1  N  NaOH.  DNA  was 
precipitated  by  addition  of  1  N  perchloric  acid.  The  pellets  were 
washed  and  suspended  with  0.2  N  perchloric  acid.  From  this  suspen- 
ion  DNA  concentration  was  determined  by  the  diphenylamine  reaction 
for  radioactivity. 

C.  Falcon  Chambers;  An  interesting  observation  is  frequently 
made  in  cultures  growing  in  Falcon  chambers.  A  flat  layer  of  epi¬ 
thelial  cells  grows  over  the  monolayer  of  fibroblast  cells  which 
are  derived  from  the  mesenchymal  tissue  of  the  intestinal  explant. 
Cells  at  all  levels  of  differentiation  participate  in  the  process. 
Mature  columnar,  Paneth,  and  goblet  cells  have  been  identified,  as 
well  as  cells  which  were  comparatively  undifferentiated  by  PAS-posi- 
tive  staining  technique.  This  flat  epithelium  might  be  formed  by 
migration  of  the  newly  generated  epithelial  cells  to  the  tip  of  the 
cylindrical  intestinal  fragment.  This  observation  suggests  that  the 
epithelial  cell  has  special  requirements  for  attachment  and  growth 
and  that  the  appropriate  charge  on  the  surface  of  mesenchymal  tissue 
in  vivo  may  be  one  of  the  requirements  for  normal  epithelial  growth 
and  maturation.  If  fibroblast  cells  or  mesenchymal  tissue  snythe- 
size  de  novo  a  substance  necessary  for  epithelial  growth,  the 
growtlTor  maturation  factor  could  be  isolated. 

Cultured  explants  of  intestinal  fragments  from  mouse  embryos 
in  early  stages  of  gestation  (10-12  days)  develop  new  villi  iji 
vitro  within  4  to  7  days.  The  newly  formed  villi  maintain  their 
shape  in  culture  and  continue  differentiation.  Explants  obtained 
at  later  developmental  stages  of  the  fetuses  do  not  reproduce  in¬ 
testinal  villi.  This  phenomenon  was  often  observed  both  in  Falcon 
T-flask  cultures  and  in  the  collagen-coated  Rose's  chamber  systems. 

D.  Light  and  Electron  Microscopy:  The  viability  of  the  ex¬ 
plant  has  also  been  monitored  by  observing  the  morphologic  changes 
of  the  intestine  using  both  light  and  electron  microscopy. 

Pending  further  investigations,  the  results  obtained  from  the 
above  experiments  show  that  maximum  levels  for  incorporation  of 
radiolabelled  leucine  into  protein  and  of  radiolabelled  glucosa¬ 
mine  into  glycoprotein  were  reached  by  the  fifth  or  seventh  day  in 
culture.  During  the  following  3  to  5  days  the  radiolabelled  protein 
was  steadily  secreted  into  the  culture  medium.  The  highest  level  of 
DNA  concentration  was  also  reached  at  the  fifth  or  seventh  day  in 
culture. 


E.  Secretory  Immunoglobulin  A  (IgA)  Secretion:  The  cultured 
medium  was  po^ed,  centrifued,  dialyzed,  and  then  concentrated  ten¬ 
fold  by  diaflo  ultrafiltration  using  an  XM-50  membrane  (Amicon  Corp.). 
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23. (0)  To  develop  a  computer  simulation  model  of  intermediary  metabolism  in  the  erythro¬ 
cyte,  based  on  data  both  in  existence  and  to  be  obtained  in  our  laboratories.  By  con¬ 
structing  separate  computer  models  of  the  metabolism  of  uninfected  erythrocytes, 
malaria-infected  erythrocytes,  and  free  malaria  parasites,  we  can  gain  a  better  under¬ 
standing  of  how  the  parasite  utilizes  the  metabolic  machinery  of  the  host  erythrocyte. 
Malaria  is  a  significant  problem  for  soldiers  stationed  in  many  areas  of  the  world. 

24.  (U)  Laboratory  work  and  computer  model  building  will  proceed  simul  taneously.  Labor¬ 
atory  studies  will  include  measurement  of  (1)  intermediates  and  enzyme  level  of  gly¬ 
colysis,  the  pentose  cycle,  the  tricarboxylic  acid  cycle,  and  fatty  acid  synthesis;  and 
(2)  intennediates  and  enzyme  levels  of  the  purine  salvage  pathways.  Computer  models 
will  be  developed  using  a  simulation  language  which  permits  the  investigator  to  describi 
nis  model  as  a  series  of  biochemical  reactions  with  specified  rate  constants  and  ini¬ 
tial  substrate  concentrations.  The  simulation  program  then  sets  up  and  solves  a  series 
of  simultaneous  differential  equations  describing  the  rates  of  change  of  concentration 
of  each  substrate  in  terms  of  rate  constants  and  of  concentration  of  other  substrates. 

25.  (U)  77  10  -  78  09.  Laboratory  procedures  have  been  established  for  measurement  of 
intermediates  of  purine  metabolism  and  glycoly'' i s ,  for  assay  of  each  of  the  enzymes 
involved  in  these  two  areas  of  metabolism,  and  for  identification  of  host  and  parasite 
isotypes  of  specific  enzymes.  A  collaborative  arrangement  has  been  initiated  with 

Or.  uavid  Garfindel,  an  internationally  recognized  expert  in  simulation  of  inter¬ 
mediary  I'ietabol  ism.  A  data  base  has  been  accumulated  for  each  of  these  two  metabolic 
areas.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Oct  77  -  30  Sep  78. 
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Description; 

Work  was  begun  to  develop  a  computer  simulation 
model  of  intermediary  metabolism  in  the  erythrocyte, 
based  on  data  both  in  existence  and  to  be  obtained  in 
our  laboratories.  Work  on  this  project  to  date  has 
consisted  of  three  major  efforts;  (1)  establishing  a 
data  base,  (2)  obtaining  enzyme  and  substrate  data  in 
our  laboratory,  and  (3)  establishing  collaborative 
arrangements.  Progress  in  each  of  these  three  areas 
will  be  discussed  under  "Progress".  The  remainder  of 
this  section  will  describe  the  general  design  of  the 
study,  the  methodology,  and  the  basic  strategy  of  the 
malaria  studies. 

1 .  General  design  of  the  study 

The  basic  question  we  are  addressing  in  this  work 
unit  is;  "By  constructing  separate  computer  models  of 
the  metabolism  of  uninfected  erythrocytes,  malaria-in¬ 
fected  erythrocytes,  and  free  malaria  parasites,  can  we 
gain  a  better  understanding  of  how  the  parasite  utilizes 
the  metabolic  machinery  of  the  host  erythrocyte?"  Two 
important  practical  goals  this  may  help  us  attain  are; 

(a)  newer  methods  of  metabolic  attack  on  the  malarial 
parasite,  and  (b)  improved  media  for  culture  of  the 
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parasites  in  vitro. 


The  computer  model  will  initially  focus  on  glyco¬ 
lysis  and  the  pentose  cycle,  since  LTC  Haut  and  Dr 
Garfinkel  have  had  their  greatest  zunount  of  experience 
simulating  this  area  of  metabolism.  Kinetic  data  for 
each  enzyme,  and  concentrations  of  metabolic  inter¬ 
mediates  both  di  Ing  steady  state  and  after  perturbation 
will  be  obtained,  when  possible,  from  material  published 
in  well-reviewed  journals.  When  such  data  are  unavail- 
ble,  they  will  be  obtained  in  our  laboratory  or  by 
personal  communication  from  one  of  several  acknowledged 
authorities  in  the  field  of  erythrocyte  metabolism.  The 
model  will  essentially  be  set  up  to  be  consistent  with 
what  is  known  about  kinetics  of  the  individual  enzymes 
and  about  steady  state  levels  of  metabolic  intermediates. 
It  will  then  be  refined  by  making  it  agree  with  pro¬ 
gressively  larger  numbers  of  experiments  in  which  t.he 
cells  have  been  perturbed  and  levels  of  metabolic 
intermediates  have  been  measured. 

When  a  reasonably  accurate  unlabeled  model  has  been 
developed,  a  series  of  labeled  models  will  be  constructed. 
Each  model  will  represent  all  the  possible  ways  in  which 
the  isotopic  carbon  of  a  specifically  labeled  glucose 
(i.e.,  1-^ ‘*C-glucose,  6- ^ ‘♦C-glucose)  could  be  distributed 
in  various  metabolic  intermediates  as  the  label  becomes 
randomized  by  shifts  of  one  or  more  carbons  in  certain 
reactions  (such  as  the  transaldolase  and  transketolase 
reactions  of  the  pentose  cycle).  Each  reaction  involving 
labeled  compounds  will  have  the  same  rate  constant  as  the 
unlabeled  counterpart.  A  single  set  of  kinetic  parameters 
will  then  be  developed  which  will  enable  all  of  the 
labeled  models  to  fit  the  literature  data.  The  data 
base  for  the  isotopic  studies  will  include  (1)  standard 
studies,  in  which  erythrocytes  are  incubated  with  labeled 
glucose,  the  ^**€02  formed  is  trapped  by  hyamine  hydroxide, 
and  a  time  course  is  obtained  by  killing  the  reaction  by 
addition  of  sulfuric  acid  to  matched  flasks  at  different 
intervals  and  counting  the  ^“*002;  and  (2)  studies  in 
which  ^“*002  production  is  measured  continuously  in  an 
ionization  chamber  with  a  vibrating  reed  electrode. 

The  second  major  emphasis  of  our  simulation  studies 
will  be  on  the  purine  salvage  pathways  of  the  erythro¬ 
cyte.  Purine  metabolism,  particularly  adenine  nucleotide 
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metabolism,  plays  a  significant  role  in  maintenance  of 
the  malaria  parasite  in  the  host's  red  cell.  The  general 
approach  to  simulation  of  this  area  will  be  similar  to 
that  for  glycolysis,  but  will  lean  more  heavily  toward 
simulation  of  the  unlabeled  system  because  of  (1)  the 
ease  with  which  we  can  obtain  nucleotide  profiles  by 
high  pressure  liquid  chromatography,  and  (2)  the  fact 
that  isotopic  studies  are  not  as  helpful  in  this  system 
as  in  glucose  metabolism,  where  randomization  makes  it 
more  difficult  to  obtain  simultaneous  fits  of  several 
labeled  models  unless  the  model  is  a  good  representation 
of  the  actual  state. 

2 .  Methodology 

a.  Computer  simulation 


The  simulation  language  of  Garfinkel  (1,2)  will  be 
used  to  formulate  the  models.  This  simulation  language 
permits  the  investigator  to  describe  his  model  as  a 
series  of  biochemical  reactions.  Input  for  the  model 
consists  of:  (1)  a  series  of  reactions  which  define  the 
system  being  simulated  (e.g.,  glycolysis  in  the  Ehrlich 
ascites  tumor  cell;  mitochondrial  metabolism  in  the 
hypoxic  heart) ;  (2)  rate  constants  for  both  the  forward 

and  (where  applicable)  for  the  reverse  reaction;  and  (3) 
initial  concentrations  for  each  chemical  compound  in  the 
system.  The  simulation  program  first  sets  up  a  series 
of  simultaneous  differential  equations  describing  the 
rate  of  change  of  concentration  of  each  substrate  in 
terms  of  rate  constants  and  of  concentrations  of  other 
substrates.  It  then  solves  the  series  of  simultaneous 
differential  equations  and  plots  the  concentration  of 
each  substrate  as  a  function  of  time.  At  selected 
times,  the  computer  will  also  print  out  first  and  second 
derivatives  of  each  concentration,  to  indicate  the  rate 
of  change  of  that  particular  concentration. 

The  data  base  for  initial  construction  of  the 
computer  model  will  be  (1)  literature  values  for  kinetic 
constants  of  each  enzyme  involved  in  red  cell  inter¬ 
mediary  metabolism,  and  (2)  literature  values  for 
substrate  concentrations  in  the  erythrocyte,  both  in  the 
steady  state  and  after  various  types  of  perturbation. 
From  this  data,  and  from  previous  simulation  studies  by 
Garfinkel,  et  al. ,  both  of  individual  enzymes  (3-5)  and 
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of  the  entire  glycolytic  pathway  in  specific  tissues, 
such  as  Ehrlich  ascites  tumor  cells  (1,6),  the  perfused 
rat  heart  (7,8),  the  lactating  rat  maunmary  gland  slice 
(9) ,  and  the  perfused  rat  liver  (10-12) ,  a  model  in 
which  each  enzymatic  reaction  is  described  in  detail 
will  be  constructed. 

The  model  will  then  be  refined  by  altering  it  so 
that  it  conforms  to  isotopic  data  as  well.  This  will  be 
done  using  the  approach  of  Garfinkel  in  simulating  use 
of  radioactive  tracers  in  brain  metabolism  (13,14). 
Matching  models  approximately  describing  the  behavior  of 
the  biochemical  system  containing  unlabeled  compounds 
and  the  system  with  appropriate  labeled  inputs  are 
constructed,  and  their  behavior  is  compared  with  avail¬ 
able  experimental  data.  As  the  " unlabeled"  model  is 
usually  much  smaller  than  the  "labeled"  models,  most  of 
the  manipulation  is  carried  out  with  it,  and  the  re¬ 
sulting  kinetic  parameters  are  repeatedly  modified  until 
the  entire  set  of  models  closely  approximates  as  much  of 
the  available  experimental  data  as  possible.  Equations 
for  the  "labeled"  models  will  be  written  by  using  a 
program  that  determines  the  labeling  pattern  of  all 
metabolites  after  addition  of  a  specifically  labeled 
substrate  to  a  specific  unlabeled  system  (15) . 

Validity  testing  of  the  completed  model  will 
include  examination  of  its  ability  (1)  to  conform  to  or 
explain  data  in  the  literature  which  were  not  used  in 
construction  of  the  model,  and  (2)  to  predict  the 
results  of  experiments  done  in  our  laboratory  or  in 
other  laboratories,  in  which  the  steady  state  metabolism 
of  the  erythrocyte  is  perturbed  in  a  particular  manner 
and  metabolic  changes  are  followed  both  with  tracer 
studies  and  by  measuring  changes  in  levels  of  several 
key  substrates. 


b.  Biochemical  measurements 

Glycolytic  enzyme  activities  will  be  determined 
spectrophotometrically  as  described  by  Beutler  (16) . 
Glycolytic  intermediates  will  be  determined  fluoro- 
metrically  as  described  by  Minakami  (17-19)  .  ^“*002 

production  will  be  determiied  by  a  modification  of  the 
method  described  u/  Yunis  (20). 

Erythrocyte  purine  and  pyrimidine  nucleotide. 
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nucleoside,  and  nucleobase  concentrations  will  be 
determined  using  high  performance  liquid  chromatrography . 
Activities  of  enzymes  of  purine  salvage  and  inter¬ 
conversion  will  be  measured  as  described  by  Snyder  et . 
al  (21) ;  overall  de  novo  purine  synthesis  will  be 
measured  as  described  by  Hershfield  and  Seegmiller  (22) . 


Intermediary  metabolism  of 
malaria-infected  erythrocytes 


Malaria  studies  using  the  computer  simulation  model 
will  focus  on  two  experimental  systems  -  P.  knowlesi 
infection  in  rhesus  mon)ceys,  and  P.  falciparum  grown 
in  vitro  in  human  erythrocytes. 


Our  department  is  currently  involved  in  a  study  of 
metabolic  alterations  in  erythrocytes  of  rhesus  monkeys 
during  the  course  of  a  synchronous  P.  knowlesi  infect¬ 
ion.  In  this  study  (WRAIR  protocol  #  012-74) ,  purine 
nucleotides,  glycolytic  intermediates,  purine  salvage 
pathway  enzymes,  and  glycolytic  enzymes  are  all  measured 
in  samples  taken  at  4  hour  intervals  during  two  or  three 
24  hour  cycles  of  patent  parasitemia. 


Models  of  glucose  and  purine  metabolism  of  the  un¬ 
infected  rhesus  monkey  erythrocyte,  the  rhesus  monkey 
erythrocyte  infected  with  P.  knowlesi,  and  the  isolated 
P.  knowlesi  parasite  will  be  developed.  Construction  of 
these  three  models  should  itself  provide  a  significant 
amount  of  information  about  the  relationship  between  the 
malaria  parsite  and  the  host  cell.  Once  reasonable 
models  of  the  steady  state  metabolism  of  the  parasite, 
the  cell,  and  the  parasitized  cell  at  one  point  in  time 
have  been  developed,  we  will  attempt  to  simulate  the 
metabolism  of  a  parasite  developing  intracellularly . 
Similar  models  will  be  developed  for  P,  falciparum  grown 
in  vitro  in  human  erythrocytes. 


Progress 


Work  on  this  project  to  date  has  consisted  of  three 
major  efforts:  (1)  establishing  a  data  base,  (2) 
obtaining  enzyme  and  substrate  data  in  our  laboratory, 
and  (3)  establishing  collaborative  arrangements. 


1.  Establishing  a  data  base 


A  major  effort  was  made  during  the  initial  phase 
of  this  work  to  establish  a  data  base  on  glucose  and 
nucleotide  metabolism  by  erythrocytes.  Data  from  the 
literature  was  obtained  by  library  research,  and 
unpublished  data  has  been  solicited  from  a  number  of 
selected  investigators  in  these  two  areas.  Specific 
types  of  baseline  information  obtained  include  the 
following: 


a.  Substrate  levels  in  human  erythrocytes 
under  various  conditions 


Steady  state  data  for  red  blood  cell  glycolysis 
have  been  obtained  from  the  literature.  Of  these,  the 
most  useful  for  our  simulation  studies  are  those  by 
Minakami  and  Yoshikawa  (19)  and  by  Hamasaki  et  al  (23) . 
These  data  are  particularly  useful  because  they  are 
detailed,  examine  the  effects  of  specific  incubation 
conditions  on  substrate  levels  (19) ,  and  show  the  time 
course  of  changes  in  substrate  concentrations  under 
specific  conditions  (23) . 

b.  Kinetic  data  on  specific  enzymes 

Accumulation  of  kinetic  data  on  specific  erythro¬ 
cyte  enzymes  was  facilitated  by  the  extensive  com¬ 
pilation  of  erythrocytic  enzyme  data  by  Friedemann  and 
Rapoport  (24)  .  In  view  of  the  extensiveness  of  the 
enzyme  data  in  that  review,  our  efforts  focused  mainly 
on  (1)  obtaining  the  specific  publications  referred  to 
in  that  review,  and  (2)  examining  the  literature  from 
1974-1978.  Specific  types  of  information  obtained 
included  data  on  Vmax  and  Km,  on  various  activators  and 
inhibitors,  and  on  the  variation  of  activity  with  pH 
and  temperature . 

c .  Isotope  studies 

Literature  values  were  obtained  for  *  ‘'CO2  pro¬ 
duction  from  1- * ‘*C-glucose,  2- ' ’’C-glucose ,  etc).  Two 
types  of  data  were  obtained. 

The  first  type  of  data,  the  classic  type,  are 
obtained  when  cells  are  incubated  with  labeled  glucose 
in  special  flasks,  and  the  ’ ‘‘C02  liberated  is  trapped 
in  a  special  chamber  inside  the  flask  filled  with  a 
substance  such  as  hyamine  hydroxide.  These  cells  are 
usually  incubated  for  one  or  more  hours,  then  acid  is 


added  to  the  red  cells  to  stop  their  metabolism,  and 
the  hy amine  with  its  bound  *  ‘‘CO 2  is  removed  and  counted 
in  a  liquid  scintillation  counter.  Extensive  data 
obtained  by  this  technique  is  available  in  the  literature 
A  particularly  detailed  group  of  studies  which  will  be 
used  as  a  basic  framework  for  this  data  is  the  work 
described  by  Yunis  and  Yasmineh  (20) . 

A  second  type  of  data,  in  which  * ''COa  production 
from  labeled  substrate  is  measured  continuously  in  an 
ionization  chamber  with  a  vibrating  reed  electrode,  was 
described  by  Davidson  and  Tanaka  (25) .  A  moderate 
amount  of  literature  data  are  available  using  this 
technique,  but  it  is  likely  that  we  will  have  to  obtain 
a  significant  amount  of  this  data  either  by  ourselves 
or  through  Dr  Tanaka  at  UCLA  (Harbor  General  Hospital) , 

Dr  Metz  (Ohio  State  University) ,  or  Dr  John  Schwartz 
(formerly  at  WRAIR,  now  at  the  Thorndike  Laboratories 
in  Boston) . 

d .  Specific  information  about  localization 
of  specific  enzymes,  and  about  physicaT 
proximity  of  certain  enyzmes  to 
specific  other  ones 

This  literature  search  was  aided  significantly  by 
the  recent  review  by  Schrier  (27)  on  human  erythrocyte 
membrane  enzymes.  A  particular  area  of  interest  in 
this  regard  is  the  observation  by  Fossel  and  Solomon 
(27)  that  glyceraldehyde-3-phosphate  dehydrogenase, 
phosphoglycerate  kinase  (PGK) ,  and  diphosphoglycerate 
mutase  (DPG-M)  appear  to  bind  tightly  together  on  the 
membrane,  so  that  the  flow  of  1 ,  ^.-diphosphoglycerate 
through  the  competing  reactions  PGK  (which  produces  ATP 
to  drive  the  cation  pumps)  and  DPG-M  (which  produces 
2,3-DPG)  is  closely  controlled. 

e .  Data  on  erythrocytes  with  specific 
enzyme  deficiencies 

Data  on  erythrocytes  with  specific  enzyme  de¬ 
ficiencies  have  been  obtained  by  review  of  published 
reports  on  patients  with  specific  disorders.  These 
data  include  (1)  substrate  levels  in  these  erythrocytes 
following  incubation  under  standard  conditions,  (2) 
kinetic  data  on  the  abnormal  enzymes,  with  particular 
emphasis  on  their  control  by  specific  activators  and 
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inhibitors,  and  (3)  isotope  studies.  The  data  on 
enzyme-deficient  erythrocytes  are  important  for  ana¬ 
lyzing  the  role  of  particular  enzymes  in  overall  control 
of  erythrocyte  metabolism. 

2 .  Obtaining  enzyme  and  substrate  data  in  our 
laboratory 

Work  in  this  area  falls  into  four  categories:  (a) 
establishment  of  methods:  (b)  studies  in  normal  and 
enzyme-deficient  erythrocytes;  (c)  studies  in  P.  knowlesi 
infected  rhesus  monkey  erythrocytes;  and  (d)  studies  In 
P.  falciparum-infected  human  erythrocytes. 

a.  Establishment  of  methods 

Methods  have  been  set  up  in  our  laboratory  for  the 
following:  (1)  measuring  the  activity,  under  optimal 
conditions,  of  the  majority  of  the  glycolytic  enzymes 
and  of  the  enzymes  of  purine  salvage  and  intercon¬ 
version;  (2)  obtaining  profiles  of  the  purine  and 
pyrimidine  nucleotides,  nucleosides,  and  nucleobases  in 
whole  blood  extracts  (which  primarily  reflect  erythro¬ 
cyte  values)  using  high  performance  liquid  chromatography; 
(3)  measuring  the  level  of  the  major  glycolytic  inter¬ 
mediates,  using  enzyme-based  fluorometric  assays;  (4) 
measuring  ^ ‘‘COa  production  by  erythrocytes,  using  both 
incubation  (20)  and  vibrating  reed  (26)  techniques;  and 
(5)  starch  gel  electrophoresis  of  several  rate  control¬ 
ling  or  otherwise  important  glycolytic  enzymes  (G6PD, 
hexokinase,  phosphofructokinase,  and  pyruvate  kinase) 
and  of  several  enzymes  involved  in  purine  metabolism. 

Work  is  currently  in  progress  to  set  up  additional 
methods,  including:  (1)  obtaining  profiles  of  glycolytic 
intermediates  using  high  performance  liquid  chroma¬ 
tography;  and  (2)  measuring  the  activity  of  enzymes  of 
pyrimidine  metabolism  and  of  de  novo  purine  synthesis. 

b.  Studies  in  normal  and  enzyme-deficient 
erythrocytes 

Enzyme,  substrate,  and  ‘ '*C-substrate  incubation 
studies  of  glycolytic  metabolism  have  been  standardized 
for  normal  human  erythrocytes  in  our  laboratory.  In 
addition,  several  patients  with  deficiency  of  G6PD  or 
pyruvate  kinase  have  been  studied  in  a  similar  manner. 


*■*€02  production  from  1- ^ ‘*C-glucose  and  6- ^ ‘‘C-glucose 
was  studied,  using  the  vibrating  reed  electrode  system, 
in  red  cells  from  normal  subjects  and  from  patients 
with  G6PD  deficiency  before  and  after  stimulation  with 
methylene  blue. 

c.  Studies  in  P.  knowlesi-inf ected  rhesus 
monkey  erythrocytes 

Enzyme  levels  of  a  number  of  purine  salvage  and 
interconversion  enzymes  (APBT,  HGPRT,  ADA,  PNP,  AK,  and 
PRPP-S)  and  of  glycolysis  (G6PD,  HK,  PFK,  PK)  have  been 
measured  in  uninfected  and  in  P.  knowlesi-inf ected 
rhesus  monkey  erythrocytes.  Levels  of  the  glycolytic 
enzymes  were  measured  at  4-6  hour  intervals  during  the 
course  of  patent  infection  in  six  monkeys,  to  determine 
whether  the  levels  of  any  of  the  enzymes  varied  with 
the  stage  of  parasite  intraerythrocytic  development. 
Studies  on  both  groups  of  enzymes  showed  selective 
increase  of  some  enyzmes,  but  not  of  others,  suggesting 
that  certain  enzymes  were  present  in  the  parasite, 
whereas  others  were  not.  The  sequential  studies  of  the 
glycolytic  enzymes  indicated  that  enzyme  levels  did  not 
vary  with  stage  of  parasite  maturation.  For  those 
enzymes  whose  level  increases  significantly  during 
infection,  we  have  set  up  starch-gel  electrophoresis 
separations  to  differentiate  host  enzyme  from  parasite 
enzyme.  We  plan  to  isolate  the  parasite  enzymes  so 
that  their  kinetics  can  be  studied  in  the  same  detail 
as  the  host  enzymes. 

d .  Studies  in  P.  falciparum-infected 
human  erythrocytes 

Because  of  the  extensive  data  available  on  human 
erythrocytes,  and  the  clinical  importance  of  P.  falciparum 
as  a  human  pathogen,  we  are  examining  the  metabolic 
aspects  of  P.  falciparum  cultured  in  vitro  in  human 
erythrocytes.  So  far,  our  examinatTon  of  this  system 
has  been  focused  on  examination  of  levels  of  purine 
metabolizing  enzymes  and  isolation  of  parasite-specific 
enzymes.  However,  we  plan  to  examine  this  system  in  as 
much  or  greater  detail  than  the  rhesus  erythrocyte 
P.  knowlesi  system. 

Establishing  collaborative  arrangements 


« 


:n 


3. 


Collaborative  arrangements  for  development  of  the 
proposed  model  of  erythrocyte  metabolism  have  been 
established  with  Dr  David  GarfinJcel,  Professor  of 
Computer  Information  Science  at  the  Moore  School  of 
Electrical  Engineering,  University  of  Pennsylvania  and 
with  Dr  Zelda  B.  Rose,  Associate  Member,  Institute  for 
Cancer  Research,  Fox  Chase.  Dr  Garfinkel  has  played  a 
key  role  in  the  development  of  digital  computer  simu¬ 
lation  as  a  method  of  examining  biochemical  systems.  He 
is  probably  the  foremost  authority  on  computer  modeling 
of  biochemical  systems  in  America.  Dr  Rose  is  an 
internationally  known  investigator  in  the  field  of 
erythrocyte  metabolism,  who  has  made  a  number  of  funda¬ 
mental  observations  in  this  research  area. 

An  indication  of  Dr  Garfinkel 's  interest  in  this 
project  is  the  inclusion  in  one  of  his  recent  NIH  grant 
renewal  requests  of  plans  for  utilization  of  artificial 
intelligence  techniques  to  construct  a  model  of  erythro¬ 
cyte  glucose  metabolism  in  collaboration  with  our 
laboratory  and  Dr  Rose's. 
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23  (U)  The  technical  objectives  have  been  to  investigate  the  mechanisms  by  wtiict  bile 
and  acid  injure  the  stomach  and  to  investigate  the  mechui,isms  by  which  the  duodenurii 
removes  acid  from  its  lumen.  Bleeding  from  gastric  stress  ulcers  is  an  important 
problem  for  military  combat  surgery  because  up  to  10  peroerit  of  combat  casualties 
develop  clinically  detectable  bleerllng  fi-'/m  gastric  erosions. 

24  (U)  Gastric  injury  was  measured  using  canine  fundal  pouches.  Solutions  containing 
acid  and  bile  were  circulated  tiirough  the  pouches  'iiid  mucosal  electrical  potential 
difference  and  permeability  were  measurer!  using  a  voltmeter  and  pH  stat  respectively. 
Duodenal  acid  removal  was  measured  using  a  pH  stat  while  carbon  dioxide  was  measured 
using  a  mass  spectromrrter. 

25  (U)  77  10  -  78  OV  Different  bile  acid.  W‘'re  founil  to  iiave  different  effects  on  the 
gastric  mucosa,  rather  than  having  the  same  id’feirt  as  most  clinicians  have  believed. 
Part  of  this  could  be  explainetl  by  physiiral  cherairuil  properties  ol'  the  bile  salts. 

This  may  explain  why  bile  reflux  :;eems  to  cause  ulceration  in  some  patients  but  not 

in  others.  Acid  It^ss  in  the  canine  duo'lenum  was  foiirid  to  result  from  bicarbonate 
neutralisation  of  acid.  'Ibis  mechanism  t;oulri  account  for  about  50  percent  of  the  acid 
disapfiea ranee  observed.  Gastric  back  difl'usion  of  acid  rlid  not  involve  bicarbonate. 
The  ability  of  the  duodenal  mucosa  to  remove  acid  has  been  unrecognized  until  recently 
and  may  be  an  important  liefense  mechanism  to  protect  against  gastric  ulceration. 


For  teclmical  report  see  Walter  Reed  Army  Institute  of  Research  Annuai  Progress  Report 
1  Oct  77  -  30  Dept  78. 
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Work  Unit  206  Factors  Influencing  Secretory  States 
Investigators 

Principal:  John  W.  Harmon,  MC 


I .  Gastric  Bile  Injury  -  Gastric  Stress  Ulcers. 

A.  Background  and  statement  of  problem.  Bile,  with  Ischemia 
and  acid,  have  been  Implicated  in  the  etiology  of  gastric  stress 
ulcers.  Gastric  stress  ulcer  bleeding  is  a  major  cause  of 
morbidity  and  mortality  among  combat  casualties.  Our  laboratory 
has  studied  the  effects  of  various  bile  acids  on  the  gastric 
mucosa  of  dogs  to  more  precisely  understand  their  injurious 
effects. 

B.  Experimental  approach.  Dogs  were  prepared  with  chronic 
Heldenhain  pouches  with  2  cannulas  each  for  through  and  through 
perfusion.  Acid  loss  was  measured  with  a  pH  stat  and  transmucosal 
electrical  potential  difference  was  measured  with  a  voltmeter, 

KCL  agar  bridges,  and  Calomel  electrodes. 


Reduction  In  potential  difference  and  increased  permeability 
to  hydrogen  Ion  were  the  indices  of  injury  measured. 

C.  Results .  Different  bile  acids  were  found  to  have 
different  capacities  to  injure  the  gastric  mucosa.  Further  these 
effects  were  pH  dependent.  The  table  below  shows  the  net  acid 
loss  in  uEq/lOmin  and  potential  differences  in  MV  from  a  series 
of  these  experiments.  Increasesin  acid  loss  (e.g.  back  diffusion) 
and  decreases  in  potential  difference  are  signs  of  damage  to  the 
gastric  mucosa. 


Bile  Salt 

Cone  (mM)  Cholate  Taurocholate  Deoxycholate  Taurodeox^'cholate 
(Acid  loss  from  pouch  lumen  -  uEq/lOmin) 


0 

35+8 

22+9 

10+10 

16+6 

5 

52+13 

18+8 

66+20 

237+50* 

10 

32+12 

2 A  7+22 

5A+25 

325+75* 

i 

20 

A  7+11 

2A9+18* 

29+lA 

A A 5+106* 

(Potential  difference  mV  with  lumen 

negative) 

0 

A  7+2 

51+2 

5A+1 

50+1 

f  • 

i 

5 

AO+A 

52+1 

50+1 

lA+1* 

1 

10 

39+A 

lA+1* 

50+2 

lA+1* 

20 

36+5 

13+2* 

51+1 

13+1 

0. 

§ 

(*p<  .01 

di f  ferent 

from  Cf'ntrol) 

V',! 


t 


In  a  second  series  of  experiments  the  effect  of  these  four 
bile  salts  on  gastric  potential  differences  at  pH7  was  evaluated. 


Cholate  Taurocholate  Deoxycholate  Taurodeoxycholate 
(PotentiaT  difference  mV) 

Control  pH7  ATS  5A+1  56j_2  54+2  54+2 

5mM  Bile  Salt  19+2*  58+4  20+5*  11+3* 

D.  Conclusions  and  recommendations.  The  toxicity  of  the 
different  bile  salts  is  different  at  pH  7  than  at  pH  2  ,  It  is 
therefore  apparent  that  the  exact  bile  salt  composition  as  well 
as  the  pH  of  reflux  fluid  may  determine  whether  bile  reflux  will 
damage  the  gastric  mucosa. 

II.  Bile  injury  to  the  esophagus. 

A.  Background.  Esophageal  reflux  with  resulting  esophagitis 
and  stricture  is  a  major  gastrointestinal  disease.  The  role  of 
bile  in  damaging  the  esophageal  mucosa  is  not  well  understood.  A 
series  of  experiments  were  undertaken  to  look  for  differences  in 
the  injurious  effects  of  various  bile  acids.  If  differences  were 
found  this  could  explain  why  some  patients  with  bile  reflux 
developed  esophagitis,  while  others  did  not. 

B.  Experimental  approach.  Rabbits  anesthetized  with  Innovar 
were  studied  after  cannulation  of  their  proximal  and  distal 
esophagus  using  a  recirculating  system  Incorporating  a  pH  stat  and 
autoburette.  The  system  was  calibrated  dally.  Net  acid  loss  from 
the  lumen  of  the  esophagus  was  measured  at  10  minute  intervals  for 
one  hour  long  periods.  Four  rabbits  were  tested  in  each  of  five 
groups.  Perfusates  of  pH  2  made  isotonic  with  NaCl  were  tested 
alone  and  then  with  5mM  bile  salt.  With  bile  present  esophageal 
pH  was  then  raised  to  pH  7  for  ore  hour  after  which  another 
period  of  pH2  perfusion  was  carried  out.  Because  no  acid  back 
diffusion  occurs  at  pH  7  without  a  pH  gradient,  the  effect  of 

pH  7  bile  exposure  was  only  evident  in  the  subsequent  pH  2  period. 

C.  Results .  Differences  in  the  injurious  effects  of  various 
bile  acids  were  clearly  evident  in  the  experiments  as  shown  in 
the  table  below.  (See  Table  II) 


TABLE  II 


Net  acid  loss  In  uEq/lOmin  Is  shovm. 


Bile  acid 
(pKa) 

Control 
at  pH  2 

At  pH  2 
with  bile 

At  pH  2 
after  bile 
at  pH  7 

None 

2+1 

1+1  ■ 

3+1 

Cholate  (5.0) 

3+1 

5+2 

13+2* 

Taurocholate  (1.9) 

9+5 

72+12* 

76+10** 

Deoxycholate  (5.3) 

2+1 

3+2 

55+11** 

Taurodeoxycholate 

(1.9) 

1+1 

51+7** 

47+6** 

:*p  <.05),  **p  <.01 

bile 

of  control  by  Student' 

s  paired  t  test 

D.  Conclusions  and  recommendations.  It  is  evident  from  these 
data  that  these  bile  acids  have  differing  effects  on  the  hydrogen 
ion  permeability  of  the  rabbit  esophagus  related  at  least  in  part 
to  their  pKa.  The  bile  acids  with  pKa  less  than  2  were  damaging 
to  the  mucosa  at  pH2,  while  those  with  pKa  above  2  were  t.  All 
of  these  bile  salts  increased  esophageal  permeability  to  i.ydrogen 
ion  after  bile  exposure  at  pH7. 

III.  Recovery  of  the  Gastric  Mucosa  from  Bile  Induced  Injury. 

A.  Background.  The  permanence  of  bile  induced  injury  to  the 
gastric  mucosa  has  not  been  well  studied.  Bile  reflux  tends  to  be 
episodic  clinically  and  this  allows  Intervals  for  recovery  of  the 
mucosa  between  the  periods  of  exposure  of  bile.  The  time  course 
of  recovery  was  studied  at  3  different  levels  of  acidity  to 
determine  the  Importance  of  acidity  in  this  phenomenon. 

B.  Experimental  approach.  The  recovery  from  a  bile  salt 
induced  injury  was  studied  in  3  mongrel  dogs  with  Heidenhain 
pouches.  Net  acid  back  diffusion  (NABD)  was  measured  and  trans- 
mucosal  electrical  potential  difference  (PD)  measured  b>  usual 
methods.  The  effects  of  exposure  to  5mM  taurodeoxycholate  at  pH 
2  for  40  minutes  were  studied.  This  exposure  Increased  net  acid 
back  diffusion  from  23+5  to  184+16  uEq/lOmin  (p^.Ol)  and  reduced 
PD  from  56+2  to  18+2  mV  (p^.Ol).  After  injury  the  pouches  were 
copiously  Irrigated  with  saline  to  remove  bile  and  then  recovery 
was  observed  as  the  pouches  were  perfused  with  pH  1,  2  or  7  HCl 
solutions  made  Isotonic  with  NaCl.  The  recovery  values  were 
cempared  with  same  dog's  preinjury  values  at  the  same  pH  per¬ 
fusion. 


C.  Results  and  discussion.  Net  acid  back  diffusion  and 
transmucosal  electrical  potential  differences  from  a  series  of 
experiments  is  shown  below. 


-*  A 


AF’I'ER  BILK  SALT  INJURY 


Control 

Bile  at 

0-30  min 

30-60  min 

60-90  min 

pre-bile 

pH  2 

pH 

7 

-69+35 

185+35 

-37+5 

29+5 

-34+13 

pH 

2 

13+3 

199+29 

180+34** 

46+7* 

23+11 

pH 

1 

9+3 

167+28 

450+119** 

239+51 

345+52 

(Transmucosal  Electrical  Potential  Difference,  mV) 

pH 

7 

62+5 

21+4 

22+4* 

46+6* 

61+2 

pH 

2 

56+3 

17+3 

30+5* 

51+3 

59+2 

pH 

1 

48+3 

16+2 

29+2* 

37+2** 

39+4* 

Student 's 

paired  t 

test ,  *p  <”.05 

,  **p<. 

01) 

D 

.  Conclusions  and  recommendations.  These 

data  show  that 

pH 

2 

and  pH7,  PD 

and  NABD 

returned  to 

preinj  ury 

levels  within 

90 

minutes  after 

bile  injury.  At  pH  1 

however 

recovery  did  not 

occur 

.  The  pH  dependence 

of  recovery 

from  bile 

induced  injury 

may  have  relevance  to  patients  with  episodic  reflux  of  bile  into 
their  stomachs., 
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23.  (U)  Studies  emphasize  control  of  vectors  of  arbovirus,  rickettsial  and  parasitic 
diseases  of  military  significance.  Objectives  are  Incrimination  of  vectors  and  under¬ 
standing  of  host-parasite  relationships  Initially,  understanding  of  vector  biology  and 
disease  transmission  mechanisms  ultimately  In  order  to  develop  more  effective  control 
procedures. 

24.  (U)  Invertebrate  vectors  and  vertebrate  reservoirs  and  hosts  are  collected  In 
areas  of  knovm  disease  activity.  Seasonal  changes  In  size  of  and  Infection  rates  In 
vector  populations  are  determined;  biological  processes  of  vector  species,  such  as 
pathogen  transmission,  diapause  and  reproductive  physiology,  are  studied  In  the  lab¬ 
oratory. 

25.  (II)  77  10  -  78  09  Four  strains  of  arboviruses,  tentatively  Identified  as  St.  Loulsj 
encephalitis  virus,  were  Isolated  from  overwintering  Culex  piplens  collected  from 
Delaware,  Maryland  and  New  Jersey  during  February  and  March  1978.  Field  studies  on 
winter  survival  of  C.  plpiens  indicated  that  a  significant  proportion  (12.3  per  cent) 
given  a  prehibernation  blood  meal  before  release  Into  hlbernacula  survived  the  winter 
One  of  eleven  sentinal  goats  placed  In  the  I’ocomoke  Cypress  Swamp  developed  antlbodle8| 
to  Jamestown  Canyon  virus.  The  vector  responsible  for  transmission  of  this  virus  has 
not  yet  been  identified.  Fxperiments  with  strains  of  Rickettsia  tsutsugamushl  in 
colonies  of  I.eptotrombldlum  arenlcola  and  I.,  fletcherl  Indicate  that  the  two  strains 
differ  widely  in  virulence  for  laboratory  animals.  For  technical  report,  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  77  -  30  Sep  78. 
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Description 

This  task  Involves  field  and  laboratory  studies  of  the  rela¬ 
tionships  between  selected  arthropods  and  various  aspects  of  their 
natural  environment,  especially  those  aspects  relating  to  certain 
pathogenic  organisms,  their  hosts,  and  their  reservoirs.  Included 
are  ecological  and  physiological  studies  on  arthropods,  studies  of 
transmission  mechanisms  and  the  development  of  improved  methods  of 
control  of  arthropods  of  medical  Importance. 

Progress 


1.  Overwintering  Ecology  of  St.  Louis  Encephalitis  (SLE) 

Virus 

Previous  studies  of  overwintering  Culex  pip lens  in  Maryland, 
Pennsylvania  and  New  Jersey  resulted  In  the  isolation  of  two  strains 
of  SLE  virus  from  hibernating  mosquitoes  of  that  species  (1) .  The 
question  remained  as  to  how  these  mosquitoes  became  infected. 
Previous  studies  (2)  have  provided  a  biologically  plausible  model 
for  the  natural  occurrence  of  blood  feeding  in  prehibernating 
Cx.  plplens.  During  the  winter  of  1977-78  an  Investigation  was 
undertaken  to  determine  whether  bloodfed  dlapauslng  plplens 
could  survive  a  winter  when  released  Into  natural  hibernacula. 

Three  groups  of  mosquitoes  with  different  physiological  his¬ 
tories  were  used  In  this  experiment: 

1)  "Wild"  mosquitoes  which  had  entered  abandoned  ammunition 
bunkers  within  a  one  week  period  prior  to  the  release  date. 

2)  "Unfed,  lab  reared,  dlapauslng"  mosquitoes 

3)  "Bloodfed,  lab  reared,  dlapauslng"  mosquitoes 
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The  mosquitoes  In  groups  2  and  3  were  from  a  colony  estab¬ 
lished  in  1975  from  hibernating  females  collected  from  Fort  Mott, 
New  Jersey.  Larvae  for  these  two  experimental  groups  were  reared 
in  our  Insectary  using  conventional  techniques  at  a  temperature  of 
27°C  and  a  daily  photoperiod  of  L;D,  9:15  (hr  light:  hr  dark  per 
24-hr  period) .  At  the  beginning  of  pupation  the  temperature  was 
lowered  to  15°C.  Pupae  were  randomly  selected  and  placed  in  two 
different  blocllmatlc  chambers  programed  for  15°C,  L:D  9:15  and 
80-90%  relative  humidity.  Seven  days  after  adult  emergence  the 
temperature  In  the  blocllmatlc  chamber  where  group  3  mosquitoes 
was  being  held  was  raised  to  27°C,  and  these  mosquitoes  were  given 
a  bloodmeal  on  1-2  day  old  chicks.  All  fully  engorged  females 
from  group  3  were  removed  and  placed  back  into  the  15°C,  L:D  9:15, 
80-90%  relative  humidity  environment,  where  they  were  held  for 
from  6-10  days  to  allow  for  digestion  of  the  bloodmeal. 

On  14  November  1977  ii  total  of  547  Cx.  plplens  (209  "wild", 

200  "unfed  lab-reared"  and  138  "bloodfed  lab-reared")  were  released 
Inside  each  of  two  abandoned  ammunition  bunkers  at  Fort  Washington, 
Maryland.  Each  group  of  mosquitoes  was  marked  with  a  dlsginguish- 
Ing  fluorescent  dust.  Counts  of  the  released  mosquitoes  were  made 
twice  weekly  with  the  aid  of  a  portable  "black  light". 

Within  the  first  week  after  release  the  numbers  of  marked  mos¬ 
quitoes  had  decreased  by  40  to  50%  in  Decator  bunker  (Fig.  1)  and 
by  80  to  90%  in  Emory  bunker  (Fig.  2).  Since  no  dead  marked  mos¬ 
quitoes  were  found  In  either  bunker.  It  is  believed  that  this 
Initial  drop  In  numbers  was  due  to  emigration  from  the  release 
sites.  By  the  end  of  November  the  number  of  "wild"  and  "unfed 
lab-reared"  mosquitoes  in  Decator  bunker  had  stabilized  at  about 
40  percent  of  the  original  number  released.  However,  the  "blood- 
fed  lab-reared"  mosquitoes  continued  to  decline  in  numbers  until 
mid  January  1978  and  then  stabilized  at  approximately  20%  of  the 
number  originally  released,  until  3  March  when  the  study  was  termi¬ 
nated.  The  similarity  in  rates  of  recovery  of  the  "wild"  and 
"unfed  lab-reared"  mosquitoes  suggests  that  there  was  no  signifi¬ 
cant  difference  between  the  physiological  condition  of  the  two 
groups  at  the  time  they  were  marked  and  released.  The  lower  per¬ 
centage  of  survival  in  the  bloodfed  group  was  expected;  only  those 
mosquitoes  which  displayed  ovarian  diapause  after  the  bloodmeal 
survived,  while  mosquitoes  which  developed  eggs  following  the 
bloodmeal  probably  died  because  ot  the  loss  of  hypertrophic  fat. 

There  was  a  distinct  difference  in  environmental  conditions 
as  measured  by  temperature  and  relative  humidity  between  the  two 
bunkers  (Figs.  1  and  2).  The  overall  fluctuations  in  both  tempera¬ 
ture  and  humidity  were  generally  lower  in  Emory  bunker  where  total 
mosquito  survival  was  less  than  10  percent.  The  average  weekly 
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high  temperature  In  Decator  t'i.nrc  '  ••'einw  ^-om  1  February 

through  3  March.  At  no  time  durint  the  scudv  was  the  average  weekly 
high  temperature  in  Decator  bunker  below  freezing.  At  the  termina¬ 
tion  of  the  study  on  3  March,  34  of  the  276  bloodfed  females  re¬ 
leased  the  previous  November  were  found.  Of  these,  only  1  had  fully 
developed  eggs  in  its  ovaries,  while  the  rest  were  nulllparous. 

These  data  support  the  hypothesis  that  a  significant  number  of  mos¬ 
quitoes  which  have  taken  a  prehibernation  bloodmeal  can  survive  the 
winter. 


2.  St.  Louis  Encephalitis  Virus  (SLE)  Isolation  from  Over¬ 
wintering  Culex  pipiens 

A  total  of  1720  hibernating  Cx.  pipiens  was  collected  during 
March  1978  from  4  different  abandoned  U.S.  Army  forts  located  in 
Maryland,  New  Jersey  and  Delaware  (Table  1).  In  order  to  terminate 
diapause,  all  mosquitoes  were  held  in  a  blocllmatlc  chamber  at  25°C, 
L:D,  15:9  and  80-90%  relative  humidity  for  from  14  to  25  days. 

After  the  holding  periods,  the  mosquitoes  were  given  a  bloodmeal  on 
1-2  day  old  chicks.  Prior  to  these  feeds  each  chick  was  bled  and  its 
blood,  diluted  1:10  in  Medium  199  plus  Hanks'  base,  inoculated  IC 
into  a  litter  of  3-5  day  old  mice  to  eliminate  the  possibility  that 
the  chicks  served  as  virus  sources  for  the  mosquitoes.  Likewise, 
each  chick  was  held  for  14  days  after  the  mosquitoes  had  fed  and 
then  tested  for  the  presence  of  SLE  antibody.  All  mosquitoes  that 
engorged  on  the  chicks  were  segregated  and  held  an  additional  10 
days  until  blood  digestion  was  completed  and  then  assayed  fir  virus. 
Four  strains  of  virus  lethal  for  suckling  mice  were  isolated  from 
hibernating  Cx.  pipiens,  2  from  mosquitoes  collected  at  Ft. 

Washington  and  2  from  Ft.  Mott  mosquitoes.  Three  of  these  isolates 
came  from  mosquitoes  given  a  posthibernation  bloodmeal,  while  the 
fourth  was  from  mosquitoes  held  for  25  days  at  25°C  following  col¬ 
lection.  Although  the  identification  of  these  viruses  is  not  com¬ 
plete,  it  is  likely  that  all  four  are  SLE  virus  on  the  basis  of 
mouse  mortality,  morphology  of  plaques  in  cell  culture  and  the  fact 
that  they  came  from  Cx.  pipiens .  The  rate  of  isolation  of  these 
strains  was  1  per  430  mosquitoes  tested.  None  of  the  chicks  fed 
upon  by  mosquitoes  from  the  positive  pools  developed  antibodies  to 
SLE. 


3.  Ecology  of  Keystone  (KEY)  and  Jamestown  Canyon,  (JC) 
Viruses 

Two  viruses  of  the  California  encephalitis  group.  Keystone 
(KEY)  and  Jamestown  Canyon  (JC),  are  enzootic  on  the  Del  Mar  Va 
peninsula.  Aedes  atlantlcus  has  been  clearly  shown  to  be  the 
principal  vector  of  KEY  virus  in  the  Pocomoke  Cypress  Swamp  (PCS) 
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in  a  cycle  that  Involves  r.tay  squirrels  and/or  cottontail  rabbits 
(3).  This  mosquito  has  also  been  demonstrated  able  to  transmit 
KEY  virus  transovarially  to  its  offspring  (A).  In  1975  cottontail 
rabbits  trapped  on  Assateague  Island,  Virginia  were  found  naturally 
Infected  with  KEY  virus,  although  neither  atlantlcus  nor  gray 
squirrels  are  known  to  occur  on  the  island  (3) .  Two  of  the  most 
abundant  mosquito  species  on  Assateague,  sollicltans  and 

Ae.  tarniorhynchus ,  have  been  experimentally  Infected  with  KEY 
virus,  but  it  is  not  known  whether  either  can  transmit  the  virus 
to  susceptible  hosts  (3) .  During  the  summers  of  1976  and  1977 
extreme  conditions  of  drought  occurred  in  the  PCS  and  prevented 
the  emergence  of  atlantlcus  populations.  Nevertheless,  anti¬ 
bodies  to  KEY  virus  were  found  in  the  sera  of  gray  squirrels 
trapped  in  the  PCS  in  1976  and  1977,  and  it  is  assumed  that  at 
least  some  of  the  KEY  immune-animals  were  infected  during  those 
years.  It  thus  seems  likely  that  either  a  mosquito  other  than 
Ae.  atlantlcus  (possibly  salt  marsh  mosquitoes  such  as  soli 1- 
citans  or  taenlorhynchus  or  some  other  blood-feeding  arthropod 
(e.g.,  tabanids  and/or  ticks)  is  involved  in  the  cycle  of  KEY 
virus . 

Infections  with  .IC  virus  are  widespread  in  White-tail  deer 
on  the  Del  Mar  Va  Peninsula,  for  between  1972  and  1974  antibodies 
to  this  virus  were  detected  in  sera  from  97/182  deer  (53%)  in 
that  area  (5).  Association  of  JC  virus  with  a  particular  vector 
species,  however,  is  not  so  clear,  for  only  2  Isolations  of  this 
virus  (one  eacli  in  1971  and  1972)  have  been  made  from  mosquitoes 
on  the  Del  Mar  Va  peninsula  (5).  Although  both  isolations  came 
from  canadensis  collected  in  the  PCS,  the  very  low  infection 
rates  (1:42,434  in  1971  and  1:63,  216  in  1972)  observed  in  that 
mosquito  suggest  the  possible  Involvement  of  other  vector  species 
In  the  JC  cycle  in  the  PCS. 

Our  primary  objective  in  the  PCS  was  to  identify  the  vector 
of  JC  virus.  In  an  effort  to  accomplish  tills,  5  magoon  traps 
were  operated  in  different  habitats — including  swamp,  upland 
forest,  and  open  fields  (Fig.  3).  Two  JC  virus  antibody-free 
goats  were  placed  in  each  trap.  All  blood-feeding  Insects  col¬ 
lected  in  the  traps  were  stored  at  -70'’C  for  future  identifica¬ 
tion.  Goats  were  bled  weekly  from  May  tlirough  mid-September.  If 
JC  antibody  is  detected  in  any  of  the  goats,  blood  sucking  arthro¬ 
pods  collected  the  previous  month  from  its  trap  and  adjacent  light 
trap  will  be  tested  for  virus.  To  date  180  collections  have 
been  made  from  the  magoon  traps.  During  a  period  of  high  mosqui¬ 
to  density  (6-27  June)  both  morning  and  evening  collections  were 
made  once  a  week  from  each  Magoon  trap  to  determine  if  the  various 


species  entered  the  trap  during  daylight  or  darkness.  Identifica¬ 
tion  of  the  mosquitoes  and  tabanids  collected  in  the  traps  has  not 
been  completed.  To  date,  sera  collected  from  goats  through 
20  July  have  been  tested.  Neutralizing  antibody  to  JC  virus  was 
detected,  by  plaque  reduction  neutralization  test  in  BHK  21  cell 
cultures,  in  sera  collected  from  a  goat,  housed  at  Dorsey's  Pas¬ 
ture  (Fig.  3),  on  6  and  13  July.  The  percent  reduction  of  plaques 
by  a  1:10  dilution  of  the  sera  was  83%  for  JC  and  20%  for  KEY  on 
6  July,  and  100%  for  JC  and  90%  for  KEY  on  13  July. 

Surveillance  for  KEY-and  JC-vlrus-infected  mosquitoes  was 
also  maintained  by  operation  of  10  C02-baited,  battery-powered 
light  traps  in  the  PCS  study  area  in  all  habitats  (Fig.  3).  A 
total  of  181  trap-night  collections  were  made  from  the  10  sites 
in  the  PCS  during  1978.  Mosquitoes  and  tabanids  from  these  collec¬ 
tions  were  stored  at  -70°C  for  future  identification  and  virus 
assay. 

Unusually  dry  weather  prevailed  on  the  Delmarva  peninsula 
in  1976  and  1977  (3).  Adults  of  the  principal  Keystone  virus 
vector,  atlanticus,  were  present  in  low  numbers  in  the  PCS 
and  Snow  Hill  areas  in  1976  and  absent  in  1977.  After  two  years 
of  weather  conditions  extremely  unfavorable  to  mosquitoes,  it 
was  of  Interest  to  determine  if  prevalence  of  antibody  to  JC 
and  KEY  virus  had  declined  in  feral  vertebrate  populations  in 
those  areas. 

Sera  from  white-tailed  deer  were  collected  from  carcasses 
brought  in  for  registration  with  Maryland  State  Game  officials 
during  the  hunting  season  in  November  1977  at  Snow  Hill,  NT). 
Squirrels  were  trapped  and  bled  twice  weekly  in  the  PCS  in  1977 
and  1978.  In  1977,  76  percent  of  sera  from  deer  (152/200)  and 
45  percent  of  sera  from  gray  squirrels  (29/64)  tested  had  neu¬ 
tralizing  antibody  for  JC  and/or  KEY  viruses. 

In  1975  and  1976  antibodies  to  KEY  virus  were  detected  in 
30  and  25  percent,  respectively,  of  all  sera  from  squirrels 
trapped  in  the  PCS  (3).  In  1978,  44  sera  were  collected  from 
33  squirrels  trapped  in  the  PCS.  Antibodies  to  KEY  virus  were 
detected  in  sera  collected  from  one  squirrel  on  5,  12  and 
18  July.  Percentage  reduction  of  KEY  and  JC  virus  plaques  were 
99  and  18  percent,  respectively,  for  the  5  July  serum,  and 
there  was  100  percent  reduction  of  KEY  virus  plaques  and  88 
percent  reduction  of  JC-vlrus  plaques  by  the  13  July  serum. 
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4.  Larval  population  dynamics  of  atlantlcus 

Larval  population  dynamics  of  atlantlcus  were  studied  In 
the  PCS  to  estimate  frequency  of  hatches,  larval  abundance  and 
survivorship  In  the  field. 

In  order  to  estimate  abundance  of  atlantlcus  larvae,  an 
area  sampler  described  previously  (2)  was  refined  and  calibrated. 
The  efficiency  of  the  sampler  was  assessed  In  the  laboratory  em¬ 
ploying  2nd  and  4th  Instar  ^ Inf Irmatus  larvae  under  the  various 
temperatures,  water  depths  and  larval  densities  observed  in  the 
field.  Sampler  performance  was  not  affected  by  temperature  or 
larval  density;  fourth  instars  were  captured  more  frequently  than 
expected,  and  efficiency  for  both  larval  age  classes  increased 
from  50%  at  2  cm  water  depth  to  100%  at  15  cm.  Estimates  of  lar¬ 
val  abundance  can  be  corrected  for  sampler  bias. 

The  atlantlcus  breeding  area  in  the  PCS  is  normally 
flooded  throughout  the  winter.  Water  recedes  In  the  spring,  and 
any  subsequent  flooding  may  result  In  a  hatch  of  atlantlcus. 
Consequently,  during  1978  water  samples  were  routinely  dipped  from 
newly  formed  ground  pools  and  examined  for  atlantlcus  larvae. 
When  larvae  were  found  the  number  of  larvae  per  m^  In  selected 
ground  pools  was  estimated  dally  using  the  area  sampler.  When 
Ae.  atlantlcus  larvae  were  present  water  temperature  was  monitored 
constantly,  and  pool  size  and  average  depth  were  measured  when 
larval  samples  were  taken.  When  pupation  commenced,  a  large 
emergence  trap  (  3  X  5  X  2m)  was  suspended  over  the  ground  pool 
and  checked  daily  for  emergent  adults. 

Three  hatches  of  atlantlcus  occurred  In  1978.  The  first 
followed  3.3  cm  of  rain  on  9  May.  The  deepest  ground  depressions 
In  the  breeding  area  still  contained  water  from  the  winter  inunda¬ 
tion;  however,  slightly  higher,  peripheral  areas  had  dried  and  were 
reflooded  by  this  rainfall.  Second  instar  atlantlcus  were 
observed  on  12  May  in  small,  shallow  isolated  ground  pools  at  the 
Atlantlcus  North  site  (Fig.  3).  By  18  May  the  majority  of  larvae 
were  fourth  instars  and  densities  in  the  ground  pools  ranged  from 
zero  to  124  atlantlcus  larvae  per  m^.  Sampling  was  halted  on 
19  May  since  abundance  was  too  low  to  obtain  reliable  estimates  of 
population  sizes  or  survivorship. 

A  major  hatch  occurred  after  6.2  cm  of  rain  fell  on  10  June. 
Estimations  of  larval  abundance  were  limited  to  a  4000  m^  section 
of  the  Atlantlcus  North  study  area  (Fig.  3).  Within  this  section 
a  100  study  area  was  chosen  for  dally  sampling.  On  13  June  55% 
of  the  Atlantlcus  North  area  was  flooded.  Water  gradually  receded 
to  a  10%  Inundation  by  19  June.  At  the  100  m'^  site,  mean  water 


depth  and  pool  size  were  12  cm  and  25  m^,  respectively,  on  13  June. 
The  pool  was  completely  dry  by  21  June.  Mean  dally  water  tempera¬ 
ture  ranged  from  15  to  21°C  (Fig.  4). 

The  following  discussion  applies  only  to  the  100  site. 

When  sampling  was  begun  on  13  June,  most  atlantlcus  larvae 
were  third  Instar,  and  the  mean  total  larval  density  was  225/m2 
(Fig.  5)  or  a  total  population  In  the  pool  of  5700  larvae.  The 
pool  decreased  gradually  and  maximum  numbers  of  4th  Instars  were 
observed  on  17  June.  Total  larval  density  was  650/ra^,  and  total 
number  of  larvae  In  the  pool  was  7000.  This  Increase  In  total 
number  of  larvae  Is  within  sampling  error,  however.  After  this 
date  the  population  declined  precipitously.  Although  a  few  pupae 
were  observed  on  18  and  19  June,  no  immature  atlantlcus  were 
found  on  20  June.  The  large  emergence  trap  collected  3  atlan¬ 
tlcus  males  on  21  June  and  one  male  and  female  each  on  22  June. 

No  other  adults  emerged  from  this  pool.  Note  that  while  larval 
numbers/m^  increased  from  13  to  17  June,  the  total  number  of  lar¬ 
vae  In  the  pool  was  relatively  constant. 

Finally,  between  24  July  and  1  August,  14  cm  of  rain  fell  In 
the  PCS.  Flooding  was  extensive  In  the  breeding  area.  While  no 
Ae .  atlantlcus  larvae  were  observed,  a  few  adults  were  seen  In 
Magoon  trap  collections  made  on  15  August, 

5.  Laboratory  colonization  atlantlcus 

During  the  week  of  12-16  June  approximately  5,000  atlantl¬ 
cus  larvae  were  collected  from  ground  pools  around  the  "Atlantlcus 
North"  site  In  the  PCS.  The  larvae  were  transported  to  WRAIR  for 
colonization  attempts. 

The  overall  objective  to  establish  a  laboratory  colony  of 
Ae .  atlantlcus  was  not  achieved,  however,  various  stages  In  accom¬ 
plishing  this  goal  were  successful.  The  larval  and  pupal  rearing 
techniques  resulted  In  minimal  mortality.  The  major  mortality  was 
observed  in  adults  3  days  after  a  variety  of  emergence  cages  had 
been  set-up  In  the  Insectary.  Both  males  and  females  appeared  to 
suffer  equal  mortality,  however,  since  the  males  emerged  before 
the  females  the  majority  of  deaths  were  In  males.  These  cages 
were  maintained  at  a  temperature  of  3]-32°C  and  a  70-80%  RH.  There 
appeared  to  be  uniform  mortality  in  the  various  types  of  cages.  In 
contrast,  however,  the  adults  placed  In  a  ?2°C  Incubator,  suffered 
no  mortality.  The  mortality  of  adults  in  the  insectary  was  at¬ 
tributed  to  dessicatlon  and  therefore,  to  increase  the  humidity, 
each  cage  was  covered  with  a  v/et  towel  and  then  a  plastic  bag  was 
placed  over  the  entire  cage.  This  modification  appeared  to  recti¬ 
fy  the  problem  fccause  massive  adult  mortality  was  not  observed 
thereafter . 
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A  shortage  of  males  resulted  from  the  early  die  off  and  created 
concern  about  the  physiological  state  and  mating  competency  of  the 
survivors.  Only  1  of  10  females  dissected  from  various  cages,  con¬ 
tained  sperm  In  their  spermathecae.  There  did  not  appear  to  be  any 
problem  In  getting  the  females  to  take  bloodmeals  and  egg  produc¬ 
tion  began  approximately  5  days  after  engorgement.  The  females  did 
not  appear  to  be  very  selective  for  ovlposltlon  substrates,  because 
eggs  were  laid  through  the  screen  on  the  underside  of  damp  towels 
placed  on  top  of  the  cages  as  well  as  on  the  3  types  of  substrate 
placed  inside  the  cages.  A  total  of  2,249  eggs  was  obtained.  The 
majority  of  these  eggs  came  from  females  in  1  ft^  cages.  All  the 
eggs  were  conditioned  for  7  days  and  then  hatching  was  attempted 
by  placing  the  eggs  in  a  solution  of  yeast  and  distilled  water. 

None  of  these  eggs  had  hatched  after  48  hrs.  The  eggs  were  then 
cleared  in  a  5%  clorox  solution,  and  it  was  determined  that  none 
were  fertile.  The  majority  of  the  remaining  females  were  then  dis¬ 
sected  and  only  1  female  was  found  to  be  inseminated. 


6.  Keystone  Virus  Studies  on  the  Chincoteague  National 
Wildlife  Refuge  (CNWR) 

To  identify  the  vector  of  Keystone  virus  on  the  Chincoteague 
National  Wildlife  Refuge  (CNWR),  antibody-free  sentinel  hamsters 
were  placed  at  10  sites  in  the  CNWR  to  detect  KEY  virus  citculatlon 
(Fig.  6).  At  5  of  these  sites  2  hamsters  were  kept  within  a 
hanging  net  mosquito  trap;  the  other  5  sites  each  had  2  sentinel 
hamsters  in  close  proximity  to  a  C02-baited  battery-powered  light 
trap.  The  sentinel  hamsters  were  replaced  biweekly  and  held  for 
an  additional  2  weeks  before  being  bled  to  determine  presence  or 
absence  of  antibody  to  KEY  and  JC  viruses.  Blood-feeding  insects 
were  removed  from  the  light  and  net  traps  semlweekfy  and  stored  at 
-70Oc. 


A  total  of  77  collections  from  the  5  net  traps  and  164  trap- 
night  collections  from  the  5  light  tr^s  were  made  from  the  10 
sites  in  the  CNWR  during  1978.  Identification  of  mosquitoes  and 
tabanids  in  these  collections  and  sorting  into  pools  for  virus 
assay  have  not  yet  been  completed.  A  total  of  17  collections  of 
mosquitoes  were  made  from  2  artificial  resting  boxes  in  the  CNWR. 
These  collections  yielded  a  larger  number  of  anopheline  mosquitoes, 
many  of  which  were  engorged,  than  did  either  the  net-traps  or  light 
traps. 

In  order  to  confirm  the  presence  of  KEY  virus  antibody  in  the 
local  population  of  cottontail  rabbits  a  trap,  mark,  and  release 
program  was  initiated  in  mid  August  1978.  To  date  serum  samples 
have  been  collected  from  5  different  rabbits.  The  serum  samples 
were  stored  at  -20°C  for  fviture  assay. 


•*  t'  o 
•  >  1 


I 


Si 


( 

%  » 


Ae.  Inf Irmatus  has  been  natnrally  Infected  with  Keystone  and 
Trlvlttatus  viruses  in  Florida  (6),  and  is  closely  related  to 
Ae.  atlantlcus ,  a  known  vector  of  KEY  virus.  In  recent  years, 
antibodies  to  KEY  virus  have  been  detected  in  wild-caught  rabbits 
in  the  CNWR  and  in  the  PCS.  The  arthropod  vector  of  this  virus  is 
unknown  in  the  CNWR.  Previous  attempts  to  Isolate  viruses  from 
dominant  Island  species,  taeniorhynchus .  Ae.  sollicitans,  and 
Ae.  canadensis .  have  yielded  no  KEY  virus  isolations.  The  recent 
discovery  of  a  large  breeding  population  of  inf irmatus  in  the 
CNWR  has  stimulated  inquiry  into  the  bionomics  of  this  potential 
vector  species. 

The  Immatures  of  inf irmatus  were  collected  in  large  numbers 
in  the  fresh-water  swamp  in  association  with  the  following  species 
of  mosquitoes:  canadensis ,  Ae .  vexans ,  Cx.  sal inarius ,  Cx. 

terrltans,  Phorophora  ferox,  and  Ps.  howardli .  Uu  ng  a  period  of 
elevated  larval  densities  (20  July)  approximate!  6,00(  larvae 
were  collected  from  a  small  portion  of  the  swani;',  of  wliirl.  3,000 
were  Inf irmatus .  The  general  habitat  in  this  swamp  is  charac¬ 

terized  as  a  secondary  deciduous  forest  of  primaril"  laurel,  sweet 
gum,  maples,  and  oaks.  In  and  around  the  margins  ot  the  swamp, 
the  understory  is  mostly  greenbriar  and  ferns.  The  larval  mosquito 
habitat  is  partially  to  completely  shaded.  The  water  is  temporary, 
stagnant  and  light  yellow  with  abundant  organic  material  of  mostly 
leaves  and  detritus,  and  with  little  or  no  algae.  A  total  of  108 
pools  each  containing  25  3rd  and  4th  Instar  Ae.  inf irmatus  were 
assayed  in  3-5  day  old  mice,  but  no  agents  were  isolated. 

7.  Systematics  of  Del  Mar  Va  Mosquitoes 

The  systematics  and  bionomics  of  most  of  the  species  and  species 
groups  of  mosquitoes  in  North  America  are  poorly  known,  and  signi¬ 
ficant  nomenclatorlal  and  taxonomic  changes  in  these  taxa  can  be 
anticipated  in  the  future.  During  1978  attempts  were  made  to  In¬ 
dividually  rear  the  immatures  of  the  mosquito  species  occurring  in 
the  PCS  and  on  Assateaguf  Island  In  order  to  provide  a  reference 
collection  for  present  and  future  studies,  and  to  have  voucher 
specimens  on  hand  for  species  confirmation  in  the  event  of  systema¬ 
tic  changes.  Immature  collections  were  made  at  or  near  the  fol¬ 
lowing  sites  in  the  P'S:  Atlantlcus  North,  20Q, Slab  Rd.,  Pasture 
Point,  River,  and  Sawdust  Pile  (Fig.  3).  These  collections  came 
from  a  variety  of  habitats  such  as  ground  pools,  ponds,  tree  holes, 
artificial  containers,  swamps,  marshy  depressions,  and  stream  mar¬ 
gins.  A  total  of  439  individual  rearings  (267  larval,  134  pupal, 

38  Incomplete)  were  made  for  1145  specimens  of  the  following 
species  from  the  PCS:  Aedes  (Ochlerotatus)  atlantlcus,  Ae.  (Och . ) 
cantator ,  Ae.  (Och . )  t riser  1 atus-hondersonl ,  Anopheles  (Anopheles) 
bradley 1 ,  Cul ex  (Culex)  rest u/ms ,  Cx .  (Neoculex)  terrltans , 


Cullseta  (Cllmacura)  melanura,  Cu.  (Cullseta)  Inornata,  Orthopodo- 
myla  slgnlfera,  Psorophora  ( Janthlnosoma)  ferox  and  Ps.  (Psorophora) 
howardll.  The  dominant  mosquitoes  from  the  above  list  occurring  In 
the  PCS  were  canadensis  and  Ps.  ferox,  and  to  a  lesser  degree 
Ae.  atlantlcus  and  Cu.  melanura. 

Larval  mosquitoes  were  also  collected  for  rearing  from  brackish 
Inlets  and  the  fresh-water  swamp  on  the  Chlncoteague  National  Wild¬ 
life  Refuge  (CNWR) .  A  total  of  260  Individual  rearlngs  (182  larval, 
64  pupal,  14  Incomplete)  were  made  for  702  specimens  of  the  fol¬ 
lowing  species:  Aedes  (Aedes)  cinereus,  Ae.  (Aedlmorphus)  vexans , 

Ae.  (Ochlerotatus)  canadensis,  Ae.  (Och.)  Inflrmatus,  Anopheles 
T^opheles)  bradleyl,  Culex  (Culex)  restuans,  Cx.  (c^ul.)  sallnarlus, 
Cx.  (Neoculex)  terrltans,  Psorophora  (Janthlnosoma)  ferox,  and  Ps. 
(Psorophora)  howardll.  The  dominant  mosquitoes  In  the  salt  marsh 
ecosystem  which  were  not  collected  were  taenlorhynchus  and  Ae. 
solllcltans .  In  the  fresh-water  swamp  the  dominants  collected 
were  Inflrmatus ,  Ae.  canadensis ,  and  P^.  ferox,  and  somewhat 
Cx.  terrltans  and  Ps.  howardll. 
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8.  Studies  of  Rickettsia  tsutsugamashl  In  vector  mites 

It  has  long  been  known  that  Rickettsia  tsutsugamushl  Is  trans¬ 
mitted  vertically  (transovarlally)  by  vector  mites.  Work  done  In 
Malaysia  has  shown  that  this  transmission  may  be  highly  efficient. 

It  has  been  demonstrated  that  although  previously  nonlnfected 
larval  mites  can  take  up  R.  tsutsugamushl  during  feeding  on  a 
rickettsemlc  host,  subsequent  generations  of  larvae  do  not  appear 
to  be  Infected  Indicating  that  the  mite  is  both  reservoir  and  vec¬ 
tor  of  R.  tsutsugamushl.  To  obtain  a  better  understanding  of  the 
vector-host-pathogen  Interrelationships,  we  initiated  laboratory 
studies  of  Infected  and  nonlnfected  vectors  obtained  from  Malaysia. 

An  efficient  mass  rearing  technique,  based  on  that  described 
by  Traub  et  al.  has  been  developed  for  both  normal  Leptotrombldlum 
spp  and  those  infected  with  Rickettsia  tsutsugamushl . 

Except  during  the  larval  feedings,  mites  In  all  stages  of  de¬ 
velopment  are  maintained  in  clear,  screw  cap  glass  Jars,  5  cm  dlam 
X  6  cm  high.  Each  jar  has  a  2.5  cm  thick  bottom  layer  of  a  hardened 
mixture  of  9  parts  plaster  of  Paris  to  1  part  activated  charcoal 
(8).  Rearing  jars  are  autoclaved  and  reused  after  transferring 
chlggers  to  clean  jars  to  minimize  problems  with  mold  growth. 

Nymphal  and  adult  mites  are  fed  twice  per  i  .>k  vrlth  eggs  of  the 
collembolan  Slnella  curvlseta  Brook,  with  :>  or  more  eggs  per  mite 
provided  at  each  feeding  Interval .  The  twice  weekly  feedings  with 
_S.  curvlseta  eggs  minimizes  losses  of  mite  eggs  and  quiescent 
stages  due  to  predation  (cannibalism)  by  nymphal  and  adult  mites. 
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To  provide  eggs,  the  cur /Iseta  are  reared  in  covered  styro¬ 
foam  cups  having  a  2.5  cm  hardened  layer  of  the  plaster-charcoal 
mixture.  Water  is  added  to  the  substrate  to  maintain  a  high  humid¬ 
ity,  and  powdered  yeast  provided  as  food  for  the  collembola.  Con¬ 
tainers  are  changed  at  weekly  intervals  to  enhance  egg  production. 

All  stages  of  mites  are  maintained  in  a  Freas  Model  818  incubator, 
modified  to  include  a  low  limit  temperature  control  as  a  safeguard 
against  heating  unit  failure,  and  programmed  for  periods  of  30°C, 

12  hr  light  followed  by  25°C,  12  hr  dark.  The  humidity  of  the 
rearing  jars  is  kept  near  saturation  by  periodically  adding  water 
to  the  plaster-charcoal  substrate.  Excessive  condensation  is  re¬ 
moved  from  the  sides  of  the  rearing  jars  to  prevent  mites  from  be¬ 
coming  trapped  in  the  condensed  water.  These  conditions  simulate 
the  ambient  conditions  of  Malaysian  habitats  where  the  vectors  are 
prevalent . 

Laboratory  mice,  5-7  weeks  old,  are  used  as  hosts  for  the 
larval  mites.  Each  mouse  Is  restrained  with  a  plastic  collar  and 
cylinder  made  from  a  snap-top  plastic  vial,  2.5  cm  diameter,  with 
the  bottom  2/3  portion  cut  away.  A  1.0  cm  hole  is  bored  through 
the  center  of  the  plastic  top,  and  a  cut  made  from  the  hole  to  the 
edge  of  the  top.  To  restrain  a  mouse,  the  plastic  cylinder  is 
slipped  over  the  mouse's  head  and  the  top  quickly  fitted  around  its 
neck  (Fig.  7)  A  strip  of  tape  secures  the  top  to  the  cylinder. 

This  device  prevents  the  mouse  from  removing  feeding  larva  with  its 
forelegs.  Chlggers  are  transferred  from  rearing  jars  to  the  ear  of 
the  host  mouse  by  means  of  a  moistened  finely  sharpened  wooden  ap¬ 
plicator  stick.  The  mouse  Is  then  placed  in  a  cylindrical  cage  of 
hardware  cloth  which  is  positioned  over  a  funnel  apparatus  until  the 
chlggers  have  fed  (Fig.  7).  Water  and  food  are  provided  the  host 
mouse  during  the  period  of  chigger  feeding.  The  apparatus  used  for 
collecting  engorged  larvae  consists  of  a  15  cm  polystyrene  powder 
funnel  with  a  100  ml  screw  cap  jar,  half  filled  with  water,  attached 
to  the  stem.  A  ring  stand  holds  the  funnel,  and  the  mouse  cage  is 
supported  over  the  top  of  the  funnel  by  a  wire  frame  and  rubber  bands. 
A  screen  wire  disk  placed  beneath  the  mouse  cage  reduces  the  amount 
of  debris  falling  into  the  jar  of  water.  Chlggers  detach  from  the 
host  after  feeding  and  drop  Into  the  jar  of  water  beneath  the  funnel. 
The  jar  is  then  removed  and  Its  contents  poured  through  No.  1  filter 
paper  in  a  Buchner  funnel  mounted  on  a  filtering  flask.  The  larvae 
can  then  be  transferred  to  rearing  jars  with  a  moistened  finely 
sharpened  wooden  applicator  stick  or  fine  brush. 

An  important  consideration  in  the  rearing  of  the  infected 
colonies  of  Leptotrombidlum  is  that  with  few  exceptions  only  female 
progeny  have  been  produced  (9).  This  requires  that  a  normal  colony 
of  the  same  species  as  the  Infected  one  be  synchronized  to  provide 
normal  males  or  their  spermatophores  (10)  for  uptake  by  infected 
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females.  Males  can  only  be  distinguished  by  placing  individual 
adult  mites  in  separate  containers  and  subsequently  examining  the 
containers  under  a  microscope  (60X  magnification)  for  spermatophores 
(Fig.  7,  8).  If  the  adult  mite  is  a  male  and  has  fed  on  collembola 
eggs,  spermatophores  are  usually  observed  within  4  days. 

Some  typical  results  of  a  larval  feedings  are  shown  In  Table  2. 
The  number  of  mites  attaching  after  being  placed  on  the  mouse  was 
not  determined,  but  fed  larvae  were  recovered  from  1  to  4  days 
after  exposure  to  the  host.  No  significant  differences  were  ap¬ 
parent  in  percent  recovery  or  feeding  times  of  Infected  and  non- 
infected  larvae  of  either  species.  Fed  larvae  that  had  recently 
detached  from  the  host  were  observed  to  crawl  about  in  the  rearing 
jars  for  a  day  or  more  before  becoming  quiescent.  When  sufficiently 
engorged,  larvae  developed  to  proton3rmphs  within  3  days  post 
feeding.  The  time  from  egg  to  adult  using  the  methods  described 
ranged  from  57-92  days  with  an  average  of  74  days.  Many  other 
tromblcullds ,  including  the  vector  (I..)  deliense  (Walch)  and 
the  North  American  pest  species,  Eutromblcula  alf reddugesi 
(Oudemans),  have  been  reared  by  the  described  methods. 

As  stated  above,  recent  studies  (7)  indicate  that  the  mite  vec¬ 
tors  of  tsutsugamushl  are  also  the  hosts  of  the  agent  in  nature. 
Therefore,  the  rlckettslae  found  in  mites  could  thus  represent 
pristine  strains  that  have  not  been  modified  by  laboratory  manipula¬ 
tion.  Further,  differences  between  the  strains  of  R.  tsutsugamushl 
carried  by  individual  mite  colonies  could  be  of  great  significance 
both  in  the  design  of  experimental  vaccines  and  in  epidemiological 
studies.  Groups  of  highly  susceptible  Inbred  C3H/He  Dub  mice  (11) 
were  infected  with  either  yolk  sac  suspensions  containing  1,000  - 
10,000  LD5Q  of  R.  tsutsugamushl  strains  Karp  or  Gilliam  or  by  in¬ 
fections  induced  by  feeding  5  Infected  I.,  f letclieri  or  I^.  arenicola 
larvae  on  the  subject  animals.  The  infected  mice  were  then  sub¬ 
divided  into  two  sub-groups.  One  sub-group  was  treated  with 
chloramphenicol  for  21  days  (12)  while  the  other  sub-group  was  left 
untreated  to  serve  as  a  normal  control.  In  the  untreated  sub-group, 
all  the  mice  inoculated  with  the  Karp  and  Gilliam  strains  as  well  as 
those  infected  by  the  arenicola  larva  died  with  signs  compatible 
with  infection  with  ]R.  tsutsugamushl .  None  of  the  mice  Infected  by 
allowing  L.  f letcherli  larva  to  engorge  died  as  a  result  of  the 
feedings.  Seven  days  following  the  termination  of  the  chlorampheni¬ 
col  treatment,  the  treated  mice  and  a  second  set  of  controls  were 
challenged  with  yolk  sac  suspensions  containing  1,000  -  10,000  kD5Q 
of  either  Karp  or  Gilliam  strains  of  tsutsugamushl  or  by  allowing 
5  Infected  L.  f Ictcheri  or  I.,  arenicola  larvae  to  feed  on  the  subject 
animals . 


The  results  are  given  In  Table  3  and  show  that  100%  of  the 
C3H/HeDub  mice  Initially  Infected  as  described  above  with  strains 
Karp,  Gilliam,  L.  arenlcola  and  +  97%  of  the  mice  vaccinated  with 
L.  f letcherll  survived  a  challenge  Infection  with  heterologous 
strains  of  R.  tsutsugamushl .  Strains  Karp,  L.  arenlcola  and  even 
Gilliam  (strain  Gilliam  Is  virtually  innocous  In  Wrc:(ICR)  labora¬ 
tory  mice)  were  shown  to  produce  lethal  Infections  in  100%  of  the 
control  groups  of  C3H/HeDub  mice.  However,  Infection  resulted  in 
a  mortality  rate  of  only  12%  In  the  C3H/HeDub  controls  challenged 
with  the  R.  tsutsugamushl  strain  carried  by  fletcherll.  Al¬ 
though  strains  Karp,  arenlcola  and  I.,  fletcherl  all  contain  a 
common  antigenic  factor  "Karp"  utilized  In  fluorescent  antibody 
typing  procedures,  this  factor  does  not  appear  to  be  related  to 
the  virulence  of  the  agent  under  examination.  Previous  studies  (2) 
showed  that  although  an  experimental  killed  scrub  typhls  vaccine 
prepared  from  the  Karp  strain  (13)  protected  100%  of  C3H/HeDub  mice 
against  homologous  intraperl tone*il  challenge  It  failed  to  protect 
any  of  the  vaccinated  mice  against  infection  Induced  by  feeding 
larval  1^.  arenlcola  on  the  vaccinated  animals.  The  failure  of  a 
killed  vaccine  prepared  from  one  mouse  lethal  strain  to  protect 
mice  against  natural,  heterologous  challenge  by  another  pristine 
mouse  lethal  strain  provides  one  explanation  for  the  failure  of  a 
killed  vaccine  prepared  fron;  strain  "VOLNER"  (Phlllipine  origin) 
to  protect  human  beings  exposed  to  endemic  scrub  typhus  Infection 
In  Japan  (14). 

The  above  studies  confirm  the  Identity  of  the  agents  present 
In  the  L.  fletcherll  and  L.  arenlcola  colonies  as  R.  tsutsugamushl ; 
show  that  R.  tsutsugamushl  in  a  pristine  state  demonstrates  strain 
heterogeneity  long  recognized  In  laboratory  studies  with  the  agent; 
and  the  heterogeneity  demonstrated  provides  both  an  explanation  for 
the  failure  of  various  vaccines  to  protect  human  beings  and,  pos¬ 
sibly,  the  variations  in  the  severity  of  clinical  disease  observed 
in  diverse  geographical  locales  (15).  Studies  are  being  pursued 
to  provide  further  Information  on  this  Interesting  host-parasite 
relationship. 
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Result  of  slnultaneoua  challenge  of  normal  mice. 
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Captions 


Fig.  1 
Fig.  2 
Fig.  3 
Fig.  4 
Fig.  5 

Fig.  6 
Fig.  7 

Fig.  8 


.  Survival  of  Culex  pipiens  in  Decatur  Bunker  at  Fort 
Washington,  Maryland  during  winter  of  1977-78. 

.  Survival  of  Culex  pipiens  in  Emory  Bunker  at  Fort 
Washington,  Maryland  during  wlntt-  •  of  1977-78. 

.  Map  of  Pocomoke  Cypress  Swamp  sKorfing  location  of  Magoon 
and  Light  traps. 

.  Mean  dally  water  temperature  for  Atlanticus  North  pool 
in  June  1978.  Water  temperature  measured  at  4  cm  depth. 

.  Abundance  'f  atlanticus  larvae  in  100  m  study  area 
at  Atlanticus  North,  PCS  in  June  1978.  Solid  line 
represents  total  numbers  of  larvae  in  pool  and  dotted 
line  the  number  of  larvae  per  m^  flooded. 

.  Map  of  Chlncoteague  National  Wildlife  Refuge  showing  loca 
tlon  of  net  and  light  traps. 

.  System  for  feeding  and  recovering  larval  mites  (chlggers) 
A  and  B:  plastic  collar  and  restrained  mouse;  C: 
holding  cage  for  infested  mouse;  D;  funnel  apparatus 
for  collection  of  fed  larvae. 

.  Spermatophore  of  L.  arenicola.  A  white,  glistening, 
round  body  filled  with  seminal  material,  bourne  on 
a  hypha-llke  stalk  which  is  normally  embedded  in 
the  plaster  substrate  of  the  rearing  jar.  (Sperma¬ 
tophore  removed  for  easlter  visualization  60X) . 


uv 


Fig. 


I  ^\  50  b  u  19  ^b  ij-a  Jb  i?2  1-7  i3  20  2eFtB 

NOV  OtC  OtC  JAN  JAN  Ftb  FfB  3  MAR 

^O  1-4  »2  18  2b  DEC  9  15  25  30  7  13  20  27 

NOV  DEC  DEC  I  JAN  JAN  jAN  FEB  FEB 


I 


Fig.  4 


ATL.  NORTH  MEAN  DAILY 
WATER  TEMPERATURE (®C) 

^  —  ro  OJ 

O  O  o  O 

I - 1 - « - 1 - 1 - 1 - 1 

r 


Project  3M161102BS01  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 

Work  Unit  121  Ecology  and  Control  of  Disease  Vectors  and 
Reservoirs 

Literature  Cited 


Reference : 

1.  Bailey,  C.  L.,  B.  F.  Eldridge,  D.  E.  Hayes,  D.  M.  Watts, 

R.  F.  Tairanariello,  and  J.  M.  Dalrymple.  Isolation  of  St.  Louis 
encephalitis  virus  from  overwintering  Culex  piplens  mosquitoes. 
Science,  199 :  13A6-49,  1978. 

2.  Annual  Report  1977,  Department  of  Entomology,  WRAIR 

3.  Annual  Report  1976,  Department  of  Entomology,  WRAIR 

A.  LeDuc,  J.  W. ,  W.  Suyemoto,  B.  F.  Eldridge,  P.  K.  Russell 
and  A.  R.  Barr.  Ecology  of  California  encephalitis  virus  on  the 
Del  Mar  v'a  Peninsula.  II.  Demonstration  of  transovarlal  transmis¬ 
sion.  Am.  J.  Trop.  Med.  Hyg.  2^’  124-6,  1975. 

5.  LeDuc,  J.  W.  The  ecology  of  Keystone  virus  on  the  Del  Mar 
Va  Peninsula.  Ph.D.  Dissertation,  Univ.  of  California,  Los  Angeles, 
206  pages,  19^7. 

6.  Taylor,  D.  J.,  A.  L.  Lewis,  J.  D.  Edman  and  W.  L.  Jennings. 
California  group  arboviruses  in  Florida.  Host-vector  relations. 

Am.  J.  Trop.  Med.  Hyg.,  139-145,  1971. 

7.  Traub,  R. ,  C.  L.  Wisseman,  Jr.,  M.  R.  Jones,  and  J.J. 
O'Keefe.  The  acquisition  of  Rickettsia  tsutsugamushi  by  chiggers 
(tromblculid  mites)  during  the  feeding  process.  Ann.  N.Y.  Acad. 

Sci.  2^:  91-114,  1975. 

8.  Wharton,  G.  W.  Observations  on  Ascoshongostla  Indica. 
(Hirst  1915).  Ecol.  Monogr.  1^:  151-184,  1946. 

9.  Roberts,  L.  W. ,  G.  Rapmund  and  F.  C.  Cadlgan.  Sex 
ratios  in  Rickettsia  tsutsugamushi- Infected  and  noninfected 
colonies  of  Leptotrombldlum  (Acarl:  Trombiculidae) .  J.  Med.  Ent . 

14:  89-92,  1977. 

10.  Llpovsky,  L.  J.,  G.  W.  Byers  and  E.  H.  Kardos.  Sperma- 
tophores  -  the  mode  of  insemination  of  chiggers.  J.  Parasit. 

256-262,  1957. 

11.  Groves,  M.  J.  and  J.  V.  Osterman.  Host  defenses  in  ex¬ 
perimental  scrub  typhus;  genetics  of  natural  resistance  to  infec¬ 
tion.  Infect.  Immun.  19:  583-588,  1978. 


12.  Jackson,  E.  B.,  J.  X.  Danauskas,  J.  E.  Smadel,  H.  S. 
Fuller,  M.  Coale,  and  F.  M.  Bozeman.  Occurrence  of  Rickettsia 
tsutsugamushl  In  Korean  rodents  and  chlggers.  Amer.  J.  Hyg.  66; 
309-320,  1957. 

13.  Elsenberg,  G.H.G.,  Jr.  and  J.  V.  Osterman.  Experimental 
scrub  typhus  Immunogens:  Gamma-Irradiated  and  formallnlzed 
rlckettslae.  Infect.  Immun.  3^:  124-131,  1977. 

14.  Berge,  T.  0.,  R.  L.  Gauld  and  M.  Kltaska.  A  field  trial 
of  a  vaccine  prepared  from  the  Volner  strain  of  Rickettsia 
tsutsugamushl .  Amer.  J.  Hyg.  50:  337-342,  1949. 

15.  Brown,  G.  W.,  D.  M.  Robinson,  D.  L.  Puxsoll,  T.  S.  Ng, 

K.  J.  Llm  and  G.  Sanasey.  Scrub  typhus:  A  common  cause  of  Illness 
In  Indigenous  populations.  Trans.  Roy.  Soc.  Trop.  Med.  Hyg.  70: 
444-448,  1976. 


Publications : 


1.  Bailey,  C.  L.,  B.  F.  Eldridge,  D.  E.  Hayes,  D.  M.  Watts, 

R.  F.  Tantmarlello,  and  J.  M.  Dalrymple.  Isolation  of  St.  Louis 
encephalitis  virus  from  overwintering  Culex  plplens  mosquitoes. 
Science,  199:  1346-49,  1978. 

2.  Eldridge,  B.  F.  and  C.  L.  Bailey.  Experimental  hiberna¬ 
tion  studies  In  Culex  plplens  (Dlptera:  Cullcldae) :  Reactivation 
of  ovarian  development  and  blood  feeding  in  prehibernation  females. 
J.  Med.  Int.  (In  press). 

3.  Hase,  T.,  L.  W.  Roberts,  P.  K.  Hildebrandt  and 

D.  C.  Cavanaugh.  Stylostome  formation  by  Leptotrombldlum  mites 
(Acari:  Trombiculidae) .  J.  Parasit.  712-718,  1978. 


^78 


1  RESEAROI  AND  TECHNOLOGY  MMK  UNIT  SUHNART 

\  AMHCY  Al  CCM  01^ 

DA  OB  6448 

«  OATC  OR  SU—>RY* 

78  10  01 

MPOirr  comimoL  $wmmL  I 
PDDRhB(AR)*S* 

Ic  »ATC  RRIV  tUWRV 

177  10  01 

4  «IM0  or  •URMAR'i 

0.  Change 

•  iUtMART  ICTY* 

u 

t  RORH  MCUMTV* 

U 

1  ACOMAMWO* 

NA 

|A  CMSrN  NtSTR'N 

NL 

SRCCIPtC  DATA* 
MMTKACTOR  ACCCtS 
D  TU  O  HO 

».  kcvBk  OR  sinr  I 
A.  aOMUMT  1 

!«•  MO./COOC»:*  RROORAM  CUCMCnT 

PROJCCT  NUHBCM 

TASK  ARCA  NUMBCR 

•om  UMIT  HUMMM 

c  RRNMRT 

61102A 

3M161102BS01 

00 

T25 

CORTMCWTIMO 

C.  COWTMBUTIWC 

CARDS  114F 

_ 

hi.  TlTkB  fPMuAi  CIrryaMamMi  C«4r 

l(U)  Basic  Pharmacologica 

Studies 

ha.  tCICRTIRIC  AND  TSCNROkOOICAL  ARIAS*  I 

loi260Q  Pharmacology _ _ _ _ _ 

Iti  ttAjir  BATI 

168  07 

■  rTlTlMATCO  COMRLfTtOM  OATC 

CONT 

l|  RUHOINO  aocmcy 

DA  1 

IS.  RCRrOMIAilCC  MTHOO  1 

C.  In-House  I 

IT  COMTRACT/SRAMT 

4  OATCS^RRfCTlYI:  CXRtHAtlOM. 

^  HUMKR;* 

4  TYRCi  A  AMOUNT 

•4  Risouncc*  CSTtltATC 

O  RWMOS  (tm  MNwRiJ 

ntCAL 

VIAR 

78 

3.0 

47 

-21 _ 

3.0 

137 

[I*  •■•rOMtltCl  OOO  0««*Mlt*TtON 


M  onoftiiiiATioii 


T 


‘"Walter  Reed  Army  Institute  of  Research 
’•“'"Washington,  DC  20012 


•"Walter  Reed  Army  Institute  of  Research 
Div  of  Experimental  Therapeutics 
'•“‘Washington,  DC  20012 


•IIPOH«l»(.I  IHOIVIOgAL 

NAMC:  RAPMUND,  COL  f.. 

202-576-3551 


tLC^NOMI 


•KiMCiAAL  iMvKtTiaArea  (Fimim  maw  ii  v  $.  acaAmic  /mwm 

HEIFFER,  Dr.  M.  H. 

TiLi.mwi  202-576-3014 

•OCtAL  ltCgn«Tv  ACCOUMT  MUMMM: 


KORTE,  CPT  D.  W.  Jr. 
MAMC:  SCHUSTER,  MAJ  B. 


Foreign  intelligent'-  not  consitiered 
(U)  Pharmacology;  (U)  Medicinals;  (U)  Drugs;  (U)  Shock;  (U)  Toxicity;  (U)  Liposomes 


•  TCCHHICAL  Oa^tCTlVt.*  14.  A9AMOACH.  It  PWOOAtf  ^y«fi»t«A  twAtrfO/At  »r  wiaiHr  M«A  M*  tACWAfy 

23.  (U)  Research  is  directed  toward  investigating  special  areas  of  the  pharmacology  of 
potential  drugs  of  military  importance,  their  interactions,  their  mechanisms  of  action, 
and  the  development,  characterization  and  improvement  of  animal  models  for  defining 
specific  applicable  parameters. 

24.  (U)  Drugs  are  tested  in  animal  models  specifically  designed  to  pinpoint  mechanisms 
of  pharmacological  effe:ts,  effects  on  physiological  responses,  and  effects  on  protozoan 
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against  phosphochol ine,  phosphatidylcholine  and  sphingomyelin.  Menoctone  produced 
anticoagulation  effects  in  rabbits  fully  antagonized  by  concurrent  vitamin  K  administra¬ 
tion.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress 
Report,  1  Oct  77  -  30  Sep  78. 
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Project  3M161102BS01  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 


Work  Unit  122  Basic  pharmacological  studies 
Investigators: 

Principal:  Melvin  H.  Heiffer,  Ph.D. 

Associate:  CPT  D.  Korte,  MAJ  B.  Schuster,  Dr.  H.  Lowensohn, 
Dr.  R.  Rozman,  SP5  M.  Neidig 

1 .  Description. 

The  basic  research  efforts  of  the  department  are  directed 
towards  several  major  areas.  They  are:  the  pharmacology  of 
promising  medicinal  agents  and  of  certain  toxic  substances; 
drug  interactions  with,  and  the  nature  of,  adrenergic  receptors; 
further  characterization  of  new  drug  delivery  techniques;  and 
the  development  of  new  or  modification  of  existing  techniques 
to  characterize  drug  effects. 

Appropriate  pharmacological,  physiological,  electrophysio- 
logical  and  biochemical  studies  are  conducted  both  in  vivo  and 
in  vitro.  Many  of  these  studies  emphasize  interactions  of 
potential  drugs  with  standard  pharmacological  agents.  An 
important  feature  is  ready  access  to  the  vast  inventory  of 
serially  related  and  diverse  chemicals  which  can  be  used  in 
detailed  studies  of  the  nature  of  drug  interactions  with 
biological  systems. 

2.  Anticoagulant  effects  of  menoctone  (WR  49,808)  in  the  rabbit. 

a.  Background: 

The  anticoagulant  effect  of  some  3-substi tuted  2- 
hydroxyl-1 ,4-naphthoquinones  (Smith  et  al^. ,  1946)  and  antagonism 
of  that  effect  by  vitamin  K]  (Smith,  1947)  were  demonstrated  in 
rats  a  number  of  years  ago.  Synthesis  of  one  member  of  this 
class,  2-hydroxy-3-(u-cyclohexyloctyl )-l ,4-naphthoquinone 
(menoctone,  WR  49,808)  (Fieser  et  ^. ,  1967),  was  carried  out 
to  determine  its  potential  antimalarial  effect.  Efficacy 
studies  in  animals  demonstrated  the  causal  prophylactic  activity 
of  this  compound  against  Plasmodium  berghei  infections  in  mice 
(Berberian  et  al_. ,  1968).  Because  of  the  limited  number  of 
classes  of  drugs  with  causal  prophylactic  properties  the 
compound  was  investigated  in  animals  in  preparation  for  clinical 
trials  in  man.  As  part  of  these  investigations  the  anticoagu¬ 
lant  properties  of  the  drug  were  evaluated  as  a  potential 
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side  effect.  Reported  here  are  the  anticoagulant  effects  of 
menoctone  and  their  full  antagonism  by  vitamin  K. 

b.  Materials  and  methods: 

Twenty  seven  adult  male  albino  rabbits,  approximately 
2-3  kg  each,  were  divided  into  4  groups  and  dosed  as  follows. 
Eight  control  K)  animals  received  no  medication.  Five 
rabbits  (K)  received  aqueous  colloidal  vitamin  K1  intraperi- 
toneally  (ip),  1  mg/kg/day  for  2  consecutive  days.  Eight 
rabbits  (N)  were  given  single  oral  doses  of  900  mg/kg  of  the 
naphthoquinone  WR  49,808  by  gavage.  Six  animals  (NK)  were 
given  single  oral  doses  of  900  mg/kg  of  WR  49,808  by  gavage 
plus  concurrent  vitamin  Ki  ip,  1  mg/kg,  with  1  mg/kg  vitamin 
Ki  ip  on  the  following  day.  Blood  samples  were  taken  by 
cardiac  puncture  into  plastic  syringes  48  hr  after  the  initial 
dose  in  all  groups.  Aliquots  of  blood  were  treated  with 
either  sodium  oxalate  or  sodium  citrate  to  obtain  plasma  for 
the  appropriate  coagulation  assays. 

Standard  coagulation  procedures  were  used  (Dennis  and 
Conrad,  1968;  Eichelberger,  1965).  The  plasma  was  assayed  at 
1  to  10  dilutions  for  Factor  II  and  1  to  5  dilutions  for 
Factors  VII,  VIII,  IX,  X  and  XI.  Undiluted  plasma  was  used 
for  determining  the  prothrombin  time  (PT),  partial  thrombo¬ 
plastin  time  (PTT),  thrombin  lime  (TT)  and  the  assay  fot 
Factor  V. 

c.  Resul ts : 

Table  1  details  the  coagulation  test  results.  No 
statistically  significant  differences  were  seen  between  the 
control  group  and  the  group  which  received  only  vitamin  K] . 

The  group  receiving  WR  49,808  had  a  significant  (p  <.05) 
increase  in  time  to  clot  formation  when  compared  to  controls 
for  PT,  PTT  and  assays  for  Factors  II,  VII,  VIII,  IX  and  X. 

No  differences  were  apparent  in  either  the  TT  or  Factor  V  or 
Factor  XI  levels. 

Vitamin  K]  reversed  the  effects  of  WR  49,808  in  all  of 
the  assays  affected  by  this  antimalarial  drug.  In  addition, 
the  combination  of  WR  49,808  and  vitamin  Ki  significantly 
(p  <.05)  decreased  time  to  end  point  of  the  assays  for  TT, 
Factor  V  and  Factor  XI  when  compared  to  control  rabbits. 


1  >. 


d. 


Discussion; 


The  vitamin  K  dependent  coagulation  factors  are  II,  VII, 
IX  and  X.  Their  activity  was  depressed  by  WR  49,808  and  this 
effect  was  reflected  in  the  prolongation  of  PT  and  PTT.  The 
complete  reversal  of  these  WR  49,808  related  deficiencies  by 
vitamin  K  indicates  that  this  portion  of  the  anticoagulant 
effect  was  due  to  the  same  mechanism  as  shown  by  other  vitamin 
K  antagonists.  The  depression  of  Factor  VIII  activity  is  not 
routinely  seen  during  indirect  anticoagulant  therapy  even 
though  complete  reversal  by  vitamin  K  was  seen  in  these  experi¬ 
ments. 


That  the  anticoagulant  effects  of  menoctone  were 
reversed  by  concomitant  administration  of  vitamin  K  was  expected 
for  those  coagulation  factors  classically  considered  vitamin  K 
dependent.  The  decrease  in  Factor  VIII  activity  and  its 
reversal  by  vitamin  K  was  not  anticipated. 

Berberian  ^t  al^.  (1968)  have  shown  that  administration 
to  mice  of  1  mg/kg  of  vitamin  K  had  no  adverse  effect  on  the 
antimalarial  activity  of  menoctone  against  Plasmodium  berghei 
infection.  Thus  the  potential  exists  for  overcoming  anti¬ 
coagulant  toxicity  of  this  drug  without  destroying  the  anti- 
malarial  effects. 

3 .  Liposomes  as  a  combined  carrier  and  adjuvant:  production  of 
antibodies  against  phosphochol ine,  phosphatidylcholine,  sphingo¬ 
myelin,  and  lipid  A  by  injection  of  liposomes  containing  lipid  A. 

a.  Background: 

The  lipid  A  constituent  of  lipopolysaccharide  (LPS)  is 
responsible  for  most,  or  all,  of  the  endotoxic  effects  of  LPS, 
including  lethality,  pyrogenicity,  mitogenicity,  and  adjuvan- 
ticity  (Luderitz  ,  1973;  1968).  Lipid  A,  as  it  is 

normally  present  in  intact  LPS,  is  structurally  hidden  from  the 
immune  system  and  antibodies  against  lipid  A  are  not  produced 
by  immunizing  with  LPS  (Luderitz  ejt  ^1 . ,  1973;  Alving,  1977). 
Antibodies  have  been  produced  against  purified  lipid  A  (Alving, 
1977;  Galanos  et  £!_. ,  1971),  and  such  antibodies  react  with 
intact  LPS  in  liposomes  or  with  purified  lipid  A  in  liposomes 
(Kataoki  et  aj[. ,  1971).  The  purpose  of  the  present  study  was 
to  investigate  the  use  of  liposomes  as  a  carrier  and  adjuvant 
for  enhancing  the  production  of  antibodies  against  lipid  A.  In 
the  course  of  this  study  we  found  that  injection  of  liposomes 
containing  lipid  A  resulted  in  the  irroduction  of  antibodies  that 
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reacted  with  lipid  A,  and  also  in  the  production  of  antibodies 
that  had  anti-phosphocholine  specificity  and  reacted  with 
phosphatidylcholine  and  sphingomyelin. 

b.  Materials  and  methods: 

Lipids  were  purchased  from  the  following  sources: 
dimyristoyl  phosphatidylcholine  (DMPC)  (Sigma  Chemical  Co., 

St.  Louis,  MO);  sphingomyelin  (SM)  (Pierce  Chemical  Co., 
Rockford,  IL);  cholesterol  (CHOL)  (Calbiochem,  La  Jolla,  CA); 
and  dicetyl  phosphate  (DCP)  (K  and  K  Laboratories,  Plainview, 
NY).  Phosphocholine  chloride  (calcium  salt)  was  purchased  from 
Sigma.  Acid  treated  bacterial  cells  (Salmonella  minnesota 
R595),  prepared  by  the  method  of  Galanos  et  a1 .  (1971)  were 
kindly  provided  by  Dr.  Peter  Gemski,  WRAIR.  Lipid  A  (from 
Shigella  flexneri  LPS,  prepared  by  the  Westphal  method.  Lot 
No.  509633,  Difco,  Detroit,  MI)  was  produced  by  acetic  acid 
hydrolysis  to  remove  the  polysaccharide  chain,  as  described  by 
Chang  and  Nowotny  (1975).  It  contained  0.4  pmoles  of  lipid  A. 
When  suspended  in  an  aqueous  medium  the  lipid  A  was  sonicated 
with  a  microprobe  for  30  sec  (output  control  set  at  5)  using 
a  Branson  Sonifier  185. 

Liposomes  were  prepared  from  a  mixture  of  phospholipid, 
CHOL,  and  DCP  in  molar  ratios  of  2/1.5/0.22.  Except  where 
indicated  (in  Figure  7),  the  phospholipid  consisted  of  DMPC. 

The  lipids,  in  chloroform,  were  dried  together  in  a  pear-shaped 
flask  on  a  rotary  evaporator,  followed  by  one  hr  under  high 
vacuum  in  a  desiccator.  A  small  quantity  of  acid-washed  0.5  mm 
glass  beads  was  added  to  the  flask,  followed  by  the  appropriate 
swelling  solution  and  shaking  on  a  Vortex  mixer.  The  swelling 
solution  for  liposomes  used  for  immunization  or  adsorption  was 
0.15  M  NaCl ,  and  that  used  in  the  glucose  release  assay  for 
antibody  activity  was  0.308  M  glucose.  The  phospholipid  was 
10  mM  with  respect  to  the  final  aqueous  dispersion. 

Lipid  A  is  not  soluble  in  water  and,  as  ordinarily  pre¬ 
pared,  usually  is  not  soluble  in  chloroform.  In  the  past, 
several  methods  have  been  used  to  insert  the  lipid  A  into  lipo¬ 
somes:  the  lipid  A  eithe.  was  (a)  included  in  the  glucose 
swelling  solution  ("active"  sensitization)  (Kataoka  et  al . , 
1971),  (b)  treated  with  alkali  and  then  included  in  the  glucose 
swelling  solution  or  added  to  already- formed  liposomes  (Kataoka 
et  ^. ,  1971),  or  (c)  added  in  the  chloroform  solution  with  the 
other  lipids  after  rendering  it  chloroform-soluble  by  treatment 
with  dipotassium  EDTA  followed  by  Bligh-Dyer  extraction  (Dancey 
^  ,  1977).  Of  the  above  methods,  sensitivity  to  complement- 


mediated  immune  damage  was  far  superior  using  liposomes  pre¬ 
pared  by  method  (b)  compared  to  method  (a),  and  immune  damage 
was  not  examined  in  method  (c). 

In  this  study,  liposomes  containing  lipid  A  were  pre¬ 
pared  by  either  of  two  methods.  Those  formed  by  the  active 
sensitization  method  (method  (a)  above)  had  the  appropriate 
amount  of  lipid  A  sonicated  in  water  and  this  was  then  added 
to  an  equal  volume  of  swelling  solution  consisting  of  0.616  M 
glucose.  This  method  was  used  only  once,  where  indicated  (in 
Figure  1).  In  the  alternative  method,  an  aliquot  of  a  concen¬ 
trated  aqueous  suspension  (5  mg/ml  in  0.5%  tri ethyl  amine)  of 
lipid  A  was  added  to  the  pear-shaped  flask  and  dried  under 
nitrogen,  using  chloroform  to  facilitate  drying.  The  other 
liposomal  constituents  On  chloroform)  were  then  added  to  the 
flask  and  dried.  The  liposomes  were  swollen  with  0.308  M 
glucose,  or  0.15  M  NaCl ,  as  appropriate. 

Male  rabbits,  2.27-2.73  kg,  were  randomly  assigned  to 
one  of  the  following  7  immunization  schemes: 

i.  Lipid  A  (s. c. ) :  3  ml  of  lipid  A  (1.5  mg)  in  a 

0.15  M  NaCl  suspension  was  mixed  with  3  ml  of  incomplete 
Freund's  adjuvant  (IFA)  and  injected  subcutaneously  into  the 
rear  footpads,  and  3  subcutaneous  sites. 

ii.  Lipid  A  plus  ATBC  (s.c.):  Acid-treated  bacterial 
cells  (S.  minnesota  R595)  (1  mg)  coated  with  lipid  A  (0.5  mg) 
were  prepared  as  described  by  Galanos  et  (1971).  This 
antigen  was  mixed  with  IFA  and  injecte3~subcutaneously  as 
above. 


i i i .  Liposomes  containing  lipid  A  (s.c.):  L i posomes 
(3  ml)  containing  1.5  mg  of  lipid  A  (prepared  by  drying  the 
lipid  A  with  the  other  lipids)  were  added  to  an  equal  volume  of 
IFA  and  injected  subcutaneously  as  above.  Liposomes  containing 
lipid  A  are  designated  as  follows:  liposomes  (+  lipid  A). 

iv.  Lipid  A  (i.v.):  Lipid  A  (1.5  mg)  was  suspended  in 
0.15  M  NaCl  to  a  total  volume  of  3  ml  and  injected  intravenously 
into  an  ear  vein. 

V.  Lipid  A  plus  ATBC  (i.v.):  Lipid  A  (0.5  mg)  and 
acid-treated  bacterial  cells  (1.0  mg)  were  suspended  in  3  ml 
of  0.15  M  NaCl  as  described  by  Galanos  et  aj^.  (1971)  and  were 
injected  intravenously. 
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vi.  Liposomes  containing  lipid  A  Liposomes 

(3  ml)  containing  1.5  mg  lipid  A  (prepared  by  drying  the  lipid  A 
with  the  other  lipids)  were  injected  intravenously.  Liposomes 
containing  lipid  A  are  designated  as  follows:  liposomes 
(+  lipid  A). 

vii.  Liposomes  lacking  lipid  A  (i.v.):  Liposomes  (3  ml) 
prepared  without  lipid  A  (designated  as:  iTposomes  (-  lipid  A)) 
were  injected  intravenously. 

Purification  of  IgG  antibodies  was  carried  out.  An 
anmonium  sulfate  (40%  sat.)  precipitate  of  antiserum  was 
dialyzed  against  0.0175  M  sodium  phosphate  buffer  (pH  6.5)  and 
placed  on  a  DEAE  cellulose  column.  The  column  was  eluted  with 
the  same  buffer  (Levy  and  Sober,  I960).  Immunoelectrophoresis 
of  concentrated  fractions  against  anti-rabbit  serum  and  anti¬ 
rabbit  IgG  showed  one  major  band  identified  as  IgG.  The  IgG 
antibodies  then  were  purified  by  "affinity  binding  to  liposomes" 
(Alving  and  Richards,  1977).  In  the  latter  procedure,  liposomes 
lacking  lipid  A  were  used  as  immunoadsorbents  to  remove  anti¬ 
bodies  from  the  IgG  solution.  After  the  liposomes  were  washed 
free  of  unadsorbed  IgG,  the  antibodies  were  recovered  by 
elution  with  1  M  Nal  and  dialyzed  against  0.15  M  NaCl  (Alving 
and  Richards,  1977). 

c.  Results: 

Glucose  release  from  liposomes  containing  lipid  A  was 
investigated.  Figure  1  shows  complement-dependent  immune 
damage  to  liposomes  in  which  the  lipid  A  was  dried  with  the 
liposomal  lipids,  and  to  liposomes  prepared  by  the  "active" 
sensitization  method  of  Kataoka  et  (1971)  in  which  the 
lipid  A  was  included  in  the  glucose  swelling  solution.  As 
shown  previously  by  that  group,  this  latter  method  required 
large  amounts  of  lipid  A  and  generally  gave  relatively  low 
levels  of  glucose  release  in  response  to  a  standard  amount  of 
antiserum.  In  contrast,  our  method  of  drying  non-alkali-treated 
lipid  A  with  the  lipids  gave  glucose  release  comparable  to  that 
obtained  previously  using  alkali-treated  lipid  A  in  sphingomyelin 
liposomes  (Kataoka  ^  al^. ,  1971).  In  all  experiments  described 
below,  the  lipid  A,  when  present,  was  dried  with  the  lipids 
because  of  the  simplicity  of  the  method  and  the  high  sensitivity 
to  antibodies  of  liposomes  produced  in  this  way. 

In  our  initial  experiments  on  immunization  with  lipo¬ 
somes  containing  lipid  A  (e.g..  Figure  1)  we  used  antiserum 
obtained  by  a  modification  of  the  immunization  methods  of 


Galanos  et  a^.  (1971)  in  which  acid-treated  bacterial  cells 
coated  with  lipid  A  were  used  as  the  antigen,  and  were  Injected 
either  subcutaneously  or  intravenously.  The  time  course  of 
antibody  activity  detected  following  a  single  injection  of  the 
Galanos-like  antigen  mixture  in  each  of  3  rabbits  intravenously, 
or  3  rabbits  subcutaneously,  is  shown  in  Figure  2.  The  data  of 
Figure  2  are  presented  for  comparison  with  similar  results 
observed  following  immunization  with  liposomes  containing  lipid 
A,  as  shown  in  Figure  3.  In  many  cases,  the  pre- immunization 
bleedings  contained  detectable  "natural"  activity  against  lipid 
A,  but  the  anti-lipid  A  activities  were  enhanced  by  immunization 
with  lipid  A,  either  alone  or  in  liposomes  (Figure  3).  The 
activities  shown  in  Figure  3  may  be  compared  directly  with  those 
shown  in  Figure  2.  Immunization  with  liposomes  lacking  lipid  A 
did  not  produce  antibodies  against  liposomes  containing  lipid  A. 

Although  lipid  A  alone  and  liposomes  containing  lipid  A 
both  produced  anti -lipid  A  titers.  Figures  3  and  4  demonstrate 
that  the  titers  clearly  were  higher,  either  with  subcutaneous  or 
with  intravenous  routes,  when  lipid  A  incorporated  into  liposomes 
was  used  as  the  antigen. 

The  investigations  into  immune  damage  to  liposomes 
lacking  lipid  A  showed  that  in  every  case  when  lipid  A  incor¬ 
porated  into  liposomes  was  used  as  an  antigen,  anti  body- 1  ike 
activity  also  appeared  which  resulted  in  complement-dependent 
damage  to  liposomes  lacking  lipid  A.  Such  activity  was  not 
observed  when  liposomes  lacking  lipid  A,  or  when  lipid  A  in  the 
absence  of  liposomes,  were  used  as  antigens.  The  time  course 
of  this  "anti-liposome"  activity  in  2  rabbits  injected  intra¬ 
venously  is  shown  in  Figure  5.  In  both  rabbits,  after  8  weeks 
a  reimmunization  (boost)  resulted  in  a  higher  titer  than  that 
observed  after  the  initial  immunization.  Although  not  shown, 
similar  results  were  obtained  with  all  8  additional  rabbits 
injected  with  liposomes  containing  lipid  A.  These  observations 
suggested  that  immunization  with  liposomes  containing  lipid  A 
resulted  in  production  of  an  antibody  against  the  liposomes 
themselves.  To  confirm  this,  IgG  antibodies  purified  from 
rabbit  number  14  antiserum  2  weeks  following  boost  (see 
Materials  and  methods)  were  tested  against  liposomes  lacking 
lipid  A.  More  than  3C'/  glucose  release  was  observed  with 
200  gl  of  a  solution  of  IgG  antibodies  that  contained  less 
than  1  yg  of  protein  (data  not  shown).  Adsorption  of  serum 
with  liposomes  lacking  lipid  A  eliminated  the  titer  against 
liposomes  lacking  lipid  A  (Figure  6). 


The  specificity  of  these  antibodies  was  further  examined 
by  adsorption  with  several  different  preparations  of  liposomes 
lacking  lipid  A  (Figure  7).  The  antibodies  were  adsorbed  by 
liposomes  containing  only  DMPC,  but  adsorption  was  enhanced  by 
cholesterol  or  DCP,  and  the  best  combination  contained  all  of 
these  lipids.  The  antibodies  also  were  adsorbed  by  liposomes 
containing  sphingomyelin.  Adsorption  of  anti-phospholipid  anti¬ 
bodies  did  not  influence  the  titer  against  liposomes  containing 
lipid  A  (Figure  7). 

Figure  8  shows  that  the  anti-phc:,Dholipid  antibodies 
had  a  specificity  that  was  entirely  inhibited  by  phosphocholine, 
and  that  anti-lipid  A  antibodies  were  not  similarly  inhibited. 

d.  Discussion: 

We  have  demonstrated  that  liposomes  containing  lipid  A 
were  more  immunogenic  than  were  either  lipid  A  alone  or  lipo¬ 
somes  alone.  Liposomes  have  been  proposed  previously  as  an 
"adjuvant"  to  enhance  the  immunogenicity  of  water-soluble 
antigens,  such  as  diphtheria  toxin  (Allison  and  Gregoriadis, 

1974) ,  or  human  serum  albumin  (Van  Rooijen  and  van  Nieuwmegen, 
1977),  and  synthetic  phospholipid  haptens  consisting  of  DNP 
conjugated  to  phosphatidyl  ethanolamine  (Uemura  et  ^. ,  1974; 

1975) .  Lipid  A,  which  is  the  mitogenically  active  portion  of 
bacterial  LPS,  also  has  adjuvant  properties  (Luderitz  et  al . , 
1968).  Upon  incorporation  into  liposomes,  lipid  A  caused 
marked  enhancement,  beyond  that  of  liposomes  alone,  of  the 
immune  response  of  synthetic  DNP-phospholipid  hapten.  Enhanced 
activity  against  DNP-phospholipid  hapten  was  not  observed  when 
liposomes  and  lipid  A  were  injected  separately  (Dancey  et  al . , 
1977).  In  the  present  study,  we  demonstrated  also  that  when 
one  adjuvant  (liposomes)  served  as  the  carrier  for  the  other 
adjuvant  (lipid  A),  the  combination  resulted  in  enhanced  anti¬ 
body  formation  against  lipid  A,  and  also  resulted  in  antibody 
formation  against  the  liposomes  themselves. 

Liposomes  have  been  proposed  as  carriers  for  a  variety 
of  substances  for  pharmaceutical  applications  (Gregoriadis, 

1976;  Tyrrell  et  aj[. ,  1976;  Poste  et  ^. ,  1976).  One  of  the 
major  presumed  advantages  of  liposomes  is  that  they  serve  only 
as  carriers,  and  that  they  are  not  ordinarily  immunogenic. 

Even  in  the  presence  of  Freund's  complete  adjuvant,  liposomes 
did  not  evoke  antibody  formation  or  cellular  immunity  in  guinea 
pigs  (Uemura  et  a^. ,  1974).  It  has  even  been  suggested  that 
entrapment  orTherapeutic  enzymes  in  liposomes  might  prevent 


allergic  reaction  to  the  enzyiiie^  in  humans  (Gregoriadis  and 
Allison,  1974).  We  have  confirmed  that  liposomes  by  themselves 
do  not  evoke  a  detectable  immune  response  in  rabbits,  even  in 
the  presence  of  incomplete  Freund's  adjuvant. 

The  low  immunogenicity  of  liposomes  may  be  due  to  the 
remarkably  poor  immunogenicity  of  phosphatidylcholine,  the 
major  constituent  of  the  liposomes.  In  contrast  to  certain 
other  phospholipids,  such  as  cardiolipin,  phosphatidyl  inositol , 
phosphatidyl  glycerol ,  or  phosphatidic  acid,  phosphatidylcholine 
is  a  very  poor  antigen  (Alving,  1977).  Phosphatidylcholine  was 
even  used  as  an  auxiliary  lipid,  together  with  a  carrier  protein 
(noncovalently  linked  methylated  bovine  serum  albumin)  to 
enhance  the  immune  response  against  other  phospholipids,  but 
this  mixture  did  not  produce  any  immune  response  against  the 
phosphatidylcholine  (Inoue  and  Nojima,  1967).  In  the  present 
study  we  demonstrated  that  when  lipid  A  was  incorporated  into 
liposomes  a  classic  immune  response  was  produced  against  the 
phosphocholine  portion  of  phosphatidylcholine.  Anti-phospho-  > 

choline  antibodies  occur  naturally  as  myeloma  proteins  (Leon 
and  Young,  1971;  Barstad  et  al.,  1974)  and  can  be  raised  by 
immunization  with  phosphocFoTTne-rich  substances  such  as 
pneumococcal  C-teichoic  acid  (C-polysaccharide) ,  or  even  whole 
pneumococci  (Cozensa  and  Kohler,  1972;  Clafin  et  ^. ,  1974). 

Immunization  with  liposomes  containing  lipid  A  represents  a 
unique  method  for  obtaining  anti-phosphocholine  antibodies 
that  might  be  compared  with  antibodies  produced  by  other 
methods. 

The  significance  of  antiphospholipid  antibodies  is 
unknown.  It  should  be  noted  that  adsorption  of  anti-liposome 
antibodies  did  not  lower  the  titer  against  liposomes  containing 
lipid  A  (Figure  7).  This  observation  was  surprising  in  that 
the  anti-phospholipid  activity  might  have  represented  a  high 
baseline  that  could  lower  the  overall  titer  upon  adsorption. 

It  is  probable  that  when  the  lipid  A  was  present  in  the  lipo¬ 
somes,  binding  of  anti-lipid  A  antibodies  covered  the  phospho¬ 
lipid  surface,  thus  preventing  binding  of  anti-phospholipid 
antibodies  and  eliminating  any  baseline  that  could  be  removed 
by  adsorption. 

Immunization  against  lipid  A  has  been  proposed  as  a 
method  for  protection  against  the  clinical  manifestations  of 
endotoxic  shock  (Galanos  et  aj^. ,  1971;  Rietschel  et  al.,  1973; 

Rietschel  and  Galanos,  1977).  This  is  based  on  the  observation  > 

that  antibodies  against  lipid  A  from  LPS  of  one  species  cross- 
react  with  each  of  the  intact  LPS  (endotoxins)  from  a  broad 
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range  of  gram  negative  bacterial  species  (Galanos  £t  .  1971; 
Kataoka  et  al.,  1971).  Several  reports  have  demonstrated  a 
protective  infect  of  antibodies  against  lipid  A  in  animals 
(Rietschel  et  ,  1973;  Rietschel  and  Gala.ios,  1977).  A 
potential  teBiTvTcal  problem  in  the  practical  application  of 
such  protective  procedures  would  involve  the  method  of  immuni¬ 
zation  against  lipid  A.  Previous  immunization  schemes  have 
emphasized  injection  of  lipid  A  together  with  acid-treated 
bacterial  cells  and/or  Freund's  adjuvant  (Galanos  et  al^. ,  1971). 
We  found  (Figure  3)  that  lipid  A  by  itself  was  immunogenic  when 
injected  intravenously,  although  the  titers  were  lower  than 
those  observed  by  previously  established  immunization  methods. 
Lipid  A  by  itself  is  responsible  for  most  of  the  toxic  (endo¬ 
toxin)  properties  of  LPS  (Llideritz  et  al . ,  1973;  1968)  ,  and  the 
dose  that  could  be  given  for  immunizatTo^n  in  humans  might  be 
limited  by  such  toxic  effects.  Immunization  also  might  be 
influenced  by  the  adjuvant,  if  any  were  used.  Many  adjuvants 
that  are  commonly  employed  in  animals,  such  as  Freund's  adju¬ 
vant,  cannot  be  used  in  humans.  Our  study  shows  that  liposomes 
have  promise  both  as  a  carrier  and  as  an  adjuvant  for  immuniza¬ 
tion  against  lipid  A,  and  this  combination  therefore  might  be 
useful  for  producing  protection  against  intact  gram  negative 
bacterial  LPS. 


4.  The  cardiorespiratory  toxicity  of  WR  229,870  (Sodium  Stibo¬ 
gluconate,  Pentostam®)  in  the  rabbfL 


a.  Background: 

6-) 

WR  229,870  (sodium  stibogluconate,  Pentostam  ),  a  pen- 
tavalent  antimony  compound,  is  the  drug  of  choice  for  visceral 
and  cutaneous  leishmaniasis  (Most,  1963)  as  well  as  muco¬ 
cutaneous  leishmaniasis  (Cahill,  1963).  However,  WR  229,870, 
which  is  only  available  for  use  in  the  United  States  on  an 
experimental  basis,  is  not  always  curative  in  the  recommended 
treatment  regimen.  Consequently,  the  Army,  which  has  received 
permission  to  use  WR  229,870,  has  requested  a  change  in  the 
treatment  regimen  from  a  large  single  daily  injection  to 
multiple  injections  or  an  infusion  to  effect  a  better  thera¬ 
peutic  response.  This  change  in  treatment  regimen  could  also 
enhance  the  toxicity  of  WR  229,870.  Since  all  antimonial 
compounds,  regardless  of  valency,  produce  cardiac  effects 
(Beveridge,  1963)  a  series  of  studies  was  conducted  to  define 
more  completely  the  cardiorespiratory  effects  of  WR  229,870. 

Although  WR  229,870  is  generally  well  tolerated  in 
humans,  T  wave  alterations  of  the  electrocardiogram  have  been 
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reported  (Sapire  and  Silverman,  1970).  We  have  performed  pre¬ 
liminary  studies  in  the  anesthetized  dog  and  rabbit.  WR  229,870, 
equivalent  to  1000  mg  Sb/kg,  produced  only  minor,  transient 
cardiovascular  alterations  although  no  change  in  the  electro¬ 
cardiogram  of  the  dog.  However,  WR  229,870  did  produce  a  tran¬ 
sient  decrease  in  blood  pressure,  change  in  respiratory  pattern 
and  T  wave  alterations  of  the  electrocardiogram  in  the  rabbit 
following  intravenous  injection  of  doses  equivalent  to 
40  mg  Sb/kg.  Thus  the  rabbit  was  chosen  as  a  more  sensitive 
model  for  assessing  the  cardiovascular  activity  of  WR  229,870. 

The  purpose  of  this  study  was  to  characterize  the  cardiorespira¬ 
tory  responses  of  the  rabbit  to  WR  229,870  and  compare  the 
responses  to  a  single  injection  with  multiple  injections  and 
with  an  infusion  of  WR  229,870. 

b.  Materials  and  methods: 

Seventeen  male  white  rabbits  (2. 1-3.4  kg)  from  the 
Walter  Reed  breeding  colony  were  anesthetized  with  sodium 
pentobarbital  (30  mg/kg)  given  intravenously  via  the  marginal 
ear  vein.  The  left  femoral  vein  was  cannulated  for  injection 
of  drug.  The  left  common  carotid  artery  was  cannulated  for 
measurement  of  arterial  pressure.  The  trachea  was  cannulated 
for  monitoring  of  respiratory  rate  via  a  pneumotachometer. 

Leads  I,  II  and  III  of  the  electrocardiogram  were  recorded  and 
heart  rate  derived  from  Lead  II  via  an  integrating  cardiotacho- 
graph.  All  variables  were  recorded  simultaneously  on  2 
Hewlett-Packard  recorders  which  permitted  concurrent  monitoring 
of  the  variables  at  2  different  chart  speeds.  Temperature  was 
monitored  via  a  rectal  thermistor  probe  and  maintained  at  370C 
by  use  of  a  thermostatically  controlled  heating  pad. 

Several  different  dosage  regimens  were  administered  in 
determining  the  cardiovascular  profile  of  WR  229,870.  The 
clinical  formulation  of  Pentostam®  (Burroiwhs  Wellcome)  was 
used  in  this  study.  It  contains  Pentostam®  in  solution  at  a 
concentration  equivalent  to  100  mg  Sb/ml.  The  rabbits  were 
assigned  to  one  of  the  following  4  dosage  regimens: 

Group  I:  The  4  rabbits  in  this  group  received  a  dosage 
of  WR  229,870  equivalent  to  10  mg  Sb/kg  followed  by  20  mg  Sb/kg, 
40  mg  Sb/kg,  80  mg  Sb/kg,  160  mg  Sb/kg  and  then  320  mg  Sb/kg  at 
10  minute  intervals.  The  maximum  response  obtained  following 
each  dose  of  WR  229,870  was  compared  with  its  predosing  baseline 
value  using  the  paired  t  test  of  significance  (Zar,  1974)  with 
a  p  value  <0.05  considered  significant. 
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Group  II:  The  4  rabbits  in  this  group  were  administered 
the  equivalent  of  640  mg  Sb/kg  WR  229,870  over  a  one  minute 
period  and  observed  for  1  hr.  Observations  were  made  before  and 
after  the  injection  and  every  10  min  thereafter.  These  values 
were  compared  with  the  preinjection  value  using  Dunnett's  multi¬ 
ple  comparison  procedure  (Zar,  1974)  with  a  p  value  <0.05 
considered  significant. 

Group  III:  The  5  rabbits  in  this  group  were  infused 
with  WR  229,870  at  a  rate  equivalent  to  21.3  mg  Sb/kg  per  min 
for  30  min  for  a  total  dosage  of  640  mg  Sb/kg.  The  animals 
were  then  monitored  for  30  min.  Observations  were  made  at 
10  min  intervals  during  the  infusion  and  monitoring  period. 

These  values  were  compared  with  the  preinfusion  baseline  using 
Dunnett's  multiple  comparison  procedure  with  a  p  value  <0.05 
considered  significant. 

Group  IV:  The  4  rabbits  in  this  group  were  administered 
6  doses  equivalent  to  106.7  mg  Sb/kg  of  WR  229,870  at  5  min 
intervals  for  a  total  dose  of  640  mg  Sb/kg  and  monitored  for 
30  min  following  the  sixth  dose.  The  maximum  response  obtained 
following  each  dose  of  WR  229,870  was  compared  with  its  pre¬ 
dosing  baseline  value  using  the  paired  t  test  of  significance. 
The  maximum  change  from  baseline  for  each  injection  was  com¬ 
pared  using  Dunnett's  multiple  comparison  procedure.  In  all 
tests  a  p  value  <0.05  was  considered  significant. 

c.  Results: 

Cumulative  dose  response  studies  in  the  pentobarbital - 
anesthetized  rabbits  indicate  that  WR  229,870  produced  a  slight 
but  consistent  decrease  in  heart  rate  at  doses  equivalent  to 
10  mg  Sb/kg  (Table  2).  However,  this  response  does  not  appear 
to  be  dose-related  until  doses  equivalent  to  80  mg  Sb/kg  were 
reached.  The  responses  of  the  lower  doses  may  have  resulted 
from  the  mechanical  stimulation  caused  by  the  injection  and 
flush.  Changes  in  the  electrocardiogram  were  observed  beginning 
with  the  40  mg  Sb/kg  dose  of  WR  229,870,  These  were  most  promi¬ 
nent  in  Leads  II  and  III  and  consisted  of  an  increased  amplitude 
of  the  T  wave  and,  to  a  lesser  degree,  the  QRS  complex  plus  an 
apparent  prolongation  of  the  QT  interval  with  resultant  loss  of 
the  P  wave  as  a  separate  entity.  These  changes  were  fleeting 
(only  5  sec  after  40  mg  Sb/kg)  but  the  duration  appeared  to  be 
dose-related  as  this  period  of  electrocardiogram  alterations 
persisted  for  1  min  after  the  320  mg  Sb/kg  dosing.  WR  229,870 
also  produced  a  dose-related  hypotensive  response  beginning 
with  the  dosage  equivalent  to  80  mg  Sb/kg  (Table  3).  WR  229,870 
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equivalent  to  320  mg  Sb/kg  produced  a  drop  in  mean  arterial 
pressure  to  60%  of  baseline.  The  effect  of  WR  229,870  on 
respiration  was  negligible  prior  to  the  dose  equivalent  to 
80  mg  Sb/kg  (Table  4).  The  primary  response  appeared  to  be  an 
increase  in  respiratory  rate  but  a  decrease  in  respiratory  rate 
was  also  observed.  The  effect  on  mean  arterial  pressure, 
heart  rate,  respiratory  rate  and  electrocardiogram  were  tran¬ 
sient;  there  was  no  difference  in  the  baseline  values  at  10  min 
intervals  prior  to  each  injection. 

Administration  as  a  one  min  injection  of  WR  229,870 
equivalent  to  640  mg  Sb/kg  produced  marked  cardiorespiratory 
effects  (Table  5).  Two  of  4  animals  that  received  this  dosage 
regimen  became  apneic  following  the  injection  and  did  not 
recover  spontaneous  respiration  for  15  and  25  min  during  which 
time  they  were  placed  on  a  respirator.  The  cardiorespiratory 
effects  of  this  potentially  lethal  dose  were  hypotension, 
alteration  in  electrocardiogram  and  a  decreased  heart  rate  in 
addition  to  the  variable  respiratory  effects.  A  dose  of 
WR  229,870  produced  a  decrease  in  blood  pressure  to  46%  of 
baseline  values  immediately  upon  completion  of  the  injection. 

The  blood  pressure  had  returned  to  73%  of  baseline  by  10  min 
and  slowly  returned  toward  baseline  value  during  the  remainder 
of  the  60  min  observation  period.  Although  differences  in  the 
heart  rate  responses  were  not  statistically  significant, 

WR  229,870  did  produce  a  decrease  in  heart  rate  of  51.3  bpm 
(range  30-85).  The  electrocardiographic  alterations  due  to 
640  mg  Sb/kg  were  similar  to  those  observed  with  lower  dosages. 
However,  the  duration  of  these  responses  were  considerably 
prolonged  (up  to  5  min).  In  the  rabbit  with  a  heart  rate 
decrease  of  85  bpm  there  was  a  short  burst  of  ectopic  pacemaker 
activity.  One  rabbit  also  exhibited  an  inverted  T  wave  after 
the  characteristic  alterations  produced  by  WR  229,870.  However, 
this  animal  was  apneic  and  had  been  placed  on  a  respirator.  The 
respiratory  responses  were  varied.  One  rabbit  exhibited  a  brief 
period  of  bradypnea  while  another  had  a  brief  period  of  apnea. 
Both  rabbits'  respiratory  rates  had  returned  to  normal  within 
10  min.  The  remaining  2  rabbits  had  to  be  placed  on  a  respira¬ 
tor  as  they  were  apneic.  One  rabbit  had  a  brief  period  of 
tachypnea  followed  by  25  min  of  apnea.  After  25  min  the  animal 
was  breathing  spontaneously  and  had  returned  to  baseline  values 
after  40  min.  The  fourth  rabbit  became  apneic  following  the 
WR  229,870  injection  and  was  artificially  respired  for  15  min 
before  spontaneous  breathing  returned.  His  respiration  had 
returned  to  baseline  values  20  min  after  the  injection. 
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The  cardiorespiratory  effects  of  the  equivalent  of 
640  mg  Sb/kg  WR  229,870  were  attenuated  by  infusion  over  30  min 
in  4  of  5  rabbits  (Table  6).  The  fifth  animal  exhibited  a 
bradypnea  toward  the  end  of  the  30  min  infusion  and  became 
apneic  post-infusion.  The  animal  was  not  placed  on  a  respirator 
and  after  40  min  of  the  study  was  severely  hypotensive  with 
bradycardia.  There  were  no  obvious  changes  in  the  electrocardio¬ 
gram  except  in  one  animal  which  appeared  to  have  an  increased 
T  wave  amplitude  which  returned  to  normal  within  one  min  of 
terminating  the  infusion. 

The  equivalent  of  640  mg  Sb/kg  WR  229,870  was  also 
given  in  6  equal  doses  (106.7  mg  Sb/kg  each)  at  5  min  intervals 
over  a  30  min  period.  Analysis  of  the  mean  arterial  pressure, 
heart  rate  and  respiratory  rate  data  (Table  7)  at  5  min 
following  the  second,  fourth  and  sixth  injections  and  every 
10  min  for  the  remainder  of  the  one  hr  experimental  period 
produced  results  similar  to  the  30  min  infusion.  Dividing  the 
dose  also  attenuated  the  cardiorespiratory  responses  in  3  of  4 
animals.  The  fourth  rabbit,  which  exhibited  a  severe  tachypnea 
characterized  by  shallow  panting  after  the  fourth  injection  of 
WR  229,870,  became  apneic  and  died  after  the  fifth  injection. 

The  maximum  change  produced  by  each  injection  of  the  equivalent 
of  106.7  mg  Sb/kg  WR  229,870  are  given  in  Table  8.  This  dose 
of  WR  229,870,  as  expected  from  the  dose-response  studies, 
produced  a  decrease  in  blood  pressure  and  heart  rate  and  a 
variable  response  on  respiration.  The  characteristic  altera¬ 
tions  in  the  electrocardiogram  lasted  for  a  period  of  approxi¬ 
mately  15  sec.  Cumulative  administration  did  not  modify  these 
responses. 

d.  Discussion: 

The  unanesthetized  rabbit  tolerated  doses  of  sodium 
antimony  gluconate  (SolustibosanOR  ,  a  less  concentrated  formula¬ 
tion  than  WR  229,870)  of  150  mg  Sb/kg  by  intravenous  injection 
while  doses  up  to  370  mg  Sb/kg  caused  only  transient  signs  of 
collapse  and  doses  of  400  mg  Sb/kg  were  lethal  (Weese,  1937). 
These  data  parallel  our  results  with  WR  229,870  in  the 
anesthetized  rabbit.  Single  doses  of  WR  229,870  up  to 
320  mg  Sb/kg  produced  only  transient  effects  in  anesthetized 
rabbits  while  doses  of  640  mg  Sb/kg  caused  prolonged  apnea  in 
2  of  4  rabbits  following  a  one  min  injection  which  would  have 
been  lethal  without  artificial  respiration. 

Doses  of  WR  229,870,  equivalent  to  80  mg  Sb/kg,  produced 
a  decrease  in  mean  arterial  pressure  with  no  reflex  tachycardia. 


Indeed,  WR  229,870  actually  decreased  the  heart  rate.  A  con¬ 
current  decrease  in  mean  arterial  pressure  and  heart  rate  may 
be  due  to  stimulation  of  the  Bezold-Jarisch  reflex.  Vagotomy, 
which  eliminates  the  Bezold-Jarisch  reflex,  was  not  performed 
in  these  animals.  The  respiratory  responses  of  the  anesthetized 
rabbits  to  WR  229,870  injections  were  generally  an  increased 
rate  at  the  lower  doses  and  a  depression  at  the  higher  doses 
(640  mg  Sb/kg).  WR  229,870  may  have  a  biphasic  action  directly 
on  the  respiratory  center  or  the  response  may  include  both  a 
direct  action  to  depress  respiration  and  an  indirect  response 
of  the  rabbit  to  the  hypotension  which  would  initiate  a  reflex 
tachypnea.  Additional  studies  are  planned  in  unanesthetized 
rabbits  to  aid  in  defining  the  respiratory  effects  of  WR  229,870 
injection. 

The  characteristic  changes  in  the  electrocardiogram 
reported  clinically  following  toxic  doses  of  sodium  antimony 
gluconate  are  T  wave  depression,  variable  ST  segment  changes 
and  an  increase  in  ST  interval  (especially  in  Leads  II  and  III) 
which  persist  up  to  2  weeks  after  discontinuation  of  dosing 
(Sapire  and  Silverman,  1970).  Prominent  changes  in  the  electro¬ 
cardiogram  were  also  observed  in  the  anesthetized  rabbit  given 
WR  229,870  and  included  increased  amplitude  of  the  T  wave  and 
QRS  complex  and  prolongation  of  the  ST  interval.  These  changes 
were  transient  as  they  lasted  for  only  5  sec  after  doses  of 
40  mg  Sb/kg.  However,  there  was  a  dose-response  relationship 
as  increased  doses  of  WR  229,870  prolonged  the  duration  of  the 
electrocardiographic  alterations.  Electrocardiographic  analysis 
of  the  anesthetized  rabbit  is  complicated  by  a  baseline  heart 
rate  of  300  bpm.  The  ST  segment  is  essentially  nonexistent  and 
any  increase  in  QT  interval  merges  the  T  and  P  waves  thereby 
interfering  with  analysis  of  the  QT  interval.  The  increased 
amplitude  of  the  QRS  complex  (actually  an  increase  in  R  wave 
amplitude)  may  be  attributable  to  the  large  volumes  being 
administered  to  the  rabbits  dilating  the  ventricles  and/or  to 
the  decrease  in  heart  rate  produced  by  WR  229,870.  The  slower 
heart  rates  ('\-225  bpm)  would  permit  fuller  excursion  of  the 
recording  pens  thus  permitting  a  more  accurate  representation 
of  the  true  amplitude  of  the  R  wave.  The  appropriatenesses  of 
the  rabbit  as  a  model  of  the  cardiotoxicity  produced  by 
WR  229,870  remains  unclear.  However,  WR  229,870  alters  ven¬ 
tricular  repolarization  experimentally  in  the  rabbit  model  as 
well  as  clinically.  The  differences  in  the  time  course  of  these 
T  wave  alterations  may  be  a  function  of  the  acute  dosing 
schedule  for  the  anesthetized  rabbits.  Additional  studies  are 
planned  to  include  chronic  dosing  of  unanesthetized  rabbits. 


The  purpose  of  this  study,  in  addition  to  characterizing 
the  cardiorespiratory  effects  of  WR  229,870,  was  to  compare  a 
single  large  injection  of  WR  229,870  with  the  same  dose  of 
WR  229,870  administered  as  an  infusion  or  as  multiple  doses.  A 
total  dose  of  640  mg  Sb/kg  WR  229,870  was  chosen  as  it  produced 
significant  cardiovascular  and  respiratory  effects.  Injection 
of  this  dosage  over  a  one  min  period  caused  a  decrease  in  mean 
arterial  pressure  and  heart  rate  and  changes  in  the  electro¬ 
cardiogram  similar  to  that  produced  by  lower  doses  of  WR  229,870 
although  more  severe  and  prolonged.  Unlike  lower  doses,  the 
injection  of  the  640  mg  Sb/kg  dose  of  WR  229,870  depressed 
respiration  and  may  even  be  considered  lethal  since  2  of  the  4 
rabbits  had  to  be  placed  on  the  respirator  for  periods  up  to 
25  min  before  spontaneous  breathing  recurred.  The  acute  cardio¬ 
vascular  effects  of  WR  229,870  were  eliminated  by  infusion  or 
multiple  injection  over  a  30  min  period.  However,  these  regimens 
were  still  lethal  as  one  rabbit  in  each  group  became  apneic  and 
died.  These  studies  indicate  that  the  cardiovascular  responses 
to  WR  229,870  injection  may  be  attenuated  with  the  proper  dosing 
regimen.  However,  the  respiratory  depression  produced  by  this 
dose  of  WR  229,870  was  not  el iininated  in  all  animals  by  changing 
the  dosing  regimen.  The  resultoit  lethality  was  a  function  of 
the  dose  of  WR  229,870  administered  and  not  necessarily  a 
failure  of  the  alternate  dosing  regimens  to  attenuate  the 
respiratory  depression.  The  respiratory  depression  produced  by 
WR  229,870  does  not  represent  a  clinical  liability  because  one 
needs  massive  doses  of  WR  229,870  to  produce  it  and  temporary 
supportive  measures  (positive  pressure  respiration)  for  15  to 
25  min  enabled  the  animal  to  recover  and  breathe  spontaneously. 


Table 


Table  2 


The  Effect  of  Bolus  Intravenous  Injections  of  WR  229,870 
on  the  Heart  Rate  of  Four  Pentobarbital -Anesthetized  Rabbits® 


Dose 


(equiv,  of  Sb) 

Baseline 

Post-Injection 

10  mg/kg 

297.5 
+  6.3 

285.0*^ 

+  6.5 

20  mg/kg 

302.5 
+  8.5 

290.0* 

+  7.1 

40  mg/kg 

300.0 
+  10.8 

287.5* 

+  9.5 

80  mg/ kg 

290.0 
+  12.9 

272.5* 

+  13.2 

160  mg/kg 

285.0 
+  11.9 

262.5* 

+  9.5 

320  mg/kg 

292.5 
+  7.5 

267.5* 

+  7.5 

^Values  are  mean  +_  SEM  in  beats  per  minute. 

^The  asterisk  indicates  that  the  values  are  significantly 
different  from  baseline  (paired  t  test,  p  <0.05), 
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Table  3 

The  Effect  of  Bolus 

Intravenous  Injections 

of  WR  229,870  on  the 

1 

Mean  Arterial  Pressure  of  Four  Pentobarbital 

-Anesthetized  Rabbits^ 

Dose 

(equiv.  of  Sb) 

Basel ine 

Post-Injection 

10  mg/kg 

87.5 
+  4.3 

86.3 
+  2.4 

20  mg/ kg 

87.5 
+  4.3 

81.3 
+  3.8 

40  mg/ kg 

85.0 
+  4.1 

83.8 
+  3.8 

tr 

• 

80  mg/kg 

82.5 
+  2.5 

72.5*b 
+  1.4 

160  mg/kg 

80.0 
+  2.9 

60.0* 

+  3.5 

> 

320  mg/kg 

83.8 
+  3.8 

50.0* 

1  7.9 

^Values  are  mean 

+  SEM  in  nimHg. 

^The  asterisk  indicates  that  the  values  are  significantly 
different  from  baseline  (paired  t  test,  p  <0.05). 
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The  Effect  of  Bolus  Intravenous  Injections  of  WR  229,870  on  the 
Respiratory  Rate  of  Four  Pentobarbital -Anesthetized  Rabbi ts^ 


Dose 

(equiv.  of  Sb) 

Baseline 

Post-Injection 

10  mg/kg 

45.0 
+  4.4 

48.0 
+  4.4 

20  mg/kg 

46.8 
+  2.1 

45.8 
+  2.6 

40  mg/kg 

43.5 
+  2.9 

42.8 
+  2.6 

80  mg/kg 

42.0 
+  3.7 

47.5 
+  10.3 

160  mg/kg 

39.8 
+  3.8 

48.5 
+  7.4 

320  mg/kg 

42.0 
+  4.4 

65.8 
+  18.1 

^Values  are  mean 

SEM  in  respirations 

per  minute. 
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Values  in  parentheses  are  from  a  fourth  rabbit  that  died  from  anoxia. 


Table 


I 


Figure  1.  Immune  sensitivity  of  two  preparations  of  liposomes 
containing  lipid  A.  The  liposomes  used  in  the  upper  curve 
(•-•)  were  prepared  by  drying  the  lipid  A  and  the  other  lipid 
constituents  together  prior  to  swelling.  The  liposomes  used  in 
the  lower  curve  (i-A)  were  formed  by  adding  the  lipid  A  to  the 
swelling  solution  (see  Methods  for  further  details).  Glucose 
release  was  measured  in  the  presence  of  50  yl  of  anti-lipid  A 
serum  from  a  rabbit  immunized  by  scheme  ii  (see  Methods). 
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Figure  2.  The  time  course  of  ar.tihody  activity  against  lipid  A 
following  a  single  injection  of  acid-treated  bacterial  cells 
coated  with  lipid  A.  The  antigen  mixture  consisted  of  acid- 
treated  bacterial  cells  coated  with  lipid  A  using  scheme  ii  or 
V  (see  Methods),  as  appropriate.  Each  point  represents  comple¬ 
ment-dependent  glucose  release  from  liposomes  containing  20  yg 
lipid  A  per  ymole  of  DMPC,  and  using  15  yl  of  antiserum.  Each 
line  represents  a  separate  rabbit. 
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TIME  (WEEKS)  FOLLOWING  IMMUNIZATION 


Figure  3.  Time  course  of  anti-lipid  A  activity  following  injec¬ 
tion  of  liposomes  containing  lipid  A,  or  of  lipid  A  alone. 

Rabbits  were  immunized  by  scheme  i,  iii,  iv,  or  vi  (see  Methods), 
as  appropriate.  Each  point  represents  complement-dependent 
glucose  release  from  liposomes  containing  20  ug  of  lipid  A  per 
pmole  of  DMPC,  and  using  15  wl  of  antiserum.  Each  line  repre¬ 
sents  a  separate  rabbit.  Glucose  release  from  liposomes  lacking 
lipid  A  is  not  shown  because  separate  experiments  (cf.  Figure  7 
and  Discussion)  demonstrated  that  binding  of  anti-lipid  A  anti¬ 
bodies  inhibited  the  binding  of  anti -phosphol ipid  antibodies. 
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Figure  4.  Titers  of  antisera  following  immunization  with  lipo 
somes  containing  lipid  A  or  with  lipid  A  alone.  The  antisera 
were  the  same  as  those  shown  in  Figure  3  and  were  obtained 
4  weeks  after  initial  immunization.  The  liposomes  used  for 
glucose  release  contained  60  ug  of  lipid  A  per  gmole  of  DMPC. 
Each  line  represents  a  separate  rabbit. 
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LIPOSOME  COMPOSITION 


Figure  5.  Complement-niediated  immune  damage  against  liposomes 
lacking  lipid  A  following  immunization  with  liposomes  containing 
lipid  A.  The  liposomes  used  for  glucose  release  contained  20  ug 
of  lipid  A  per  ymole  of  DMPC.  Antisera  (15  ul)  were  obtained 
from  two  rabbits  immunized  by  scheme  vi  (see  Methods). 
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RABBIT  ANTISERUM  (^1) 


Figure  6.  Absorption  of  activity  against  liposomes  lacking 
lipid  A.  Antiserum  (1  ml)  from  rabbit  14  four  weeks  after 
immunization  (see  Figure  5)  was  incubated  for  30  minutes  at 
room  temperature  with  0.4  ml  of  liposomes  lacking  lipid  A. 

The  liposomes  were  removed  by  centrifugation  (27,000  x  g,  10 
min).  Glucose  release  was  measured  from  liposomes  lacking 
lipid  A.  Activity  of  an  equal  amount  of  unadsorbed  serum 
obtained  following  immunization  of  two  other  rabbits  with 
either  lipid  A  alone  (i.v.)  or  liposomes  lacking  lipid  A  (i.v.) 
is  also  shown. 
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INDICATOR  LIPOSOMES 


Figure  7.  Effects  of  adsorption  by  liposomes  lacking  lipid  A. 
Aliquots  of  antisera  were  adsorbed  with  the  indicated  liposomes 
as  described  in  the  legend  of  Figure  6.  Glucose  release  was 
measured  from  liposomes  consisting  of  DMPC/CHOL/DCP  and  con¬ 
taining  lipid  A  (20  wg  per  pmole  of  phospholipid)  or  lacking 
lipid  A. 
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PHOSPHOCHOLINE  (niM) 


Figure  8.  Inhibition  by  phosphocholine.  Glucose  release  from 
liposomes  lacking  lipid  A  or  containing  lipid  A  (20  ug  per  pmole 
DMPC)  was  measured  in  the  presence  of  50  ul  of  antiserum  from 
rabbit  14  four  weeks  after  immunization  (see  Figure  5).  Phos¬ 
phocholine  was  added  to  the  assay  cuvette  prior  to  the  addition 
of  complement. 
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23.  (U)  The  objective  of  this  work  unit  is  to  define  the  biochemical  parameters  v;hlch 
may  monitor  or  signal  cell  injury,  alteration  or  regeneration.  The  definition  of  such 
changes  will  lead  to  enhanced  understanding  of  the  mechanisms  Involved  in  the  healing  of 
combat  wounds  and  trauma,  in  tissue  regeneration  and  in  cellular  drug  resistance. 
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25.  (U)  77  10  -  78  09  Polyamlne  secretion  in  the  urine  during  cellular  changes  varies 
with  respect  to  both  quantity  and  types.  A  reduction  in  the  level  of  cyclic  nucleotide 
has  been  found  to  occur  In  allogenic  compared  to  syngenic  lymphocyte  cultures.  The  drug 
mefloquine  is  a  potent  bactericidal  agent  which  suppresses  macromolecular  synthesis, 
destroy  permeability  barriers,  and  induces  lysis  of  cells.  The  amino  acid  composition 
of  a  prostatlc  acid  phosphatase  has  been  determined  in  part.  For  technical  reports  see 
WRAIR  Annual  Progress  Report  1  Oct  77  to  30  Sep  78. 
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Project  3MI6II02BS0I  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 


Work  Unit  123  Biochemical  Research  on  Cellular  Injury 


Investigators 

Principal:  Bhupendta  P.  Doctor 

Associa^'es:  N,D.  Brown  M.S.;  Janet  Davies;  Clarence  Emery, 

B.S.;  SFC  Lovelyn  Hall;  John  A.  Kintzlos,  B.S.; 
Sharon  E.  Koetitz  B.G.;  E.C.  Richardson,  M.S.; 

SP5  Duane  E.  Skar,  B.S.;  Mary  Ann  Sodd; 

Alan  D.  Wolfe,  Ph.D 

The  objective  of  this  work  unit  is  the  definition  of  the  biochemi¬ 
cal  parameters  which  may  indicate  or  monitor  cell  injury,  alteration, 
or  proliferation.  Cellular  injury  may  result  from  combat  wound  trauma 
or  infection,  cellular  alteration  may  occur  upon  antigen  challenge  or 
result  in  drug  resistance,  and  proliferation  of  cells  may  be 
associated  with  wound  healing,  graft  rejection,  or  pathological 
states.  The  following  studies  were  conducted: 

I.  Studies  on  the  mode  of  action  and  mechanism  of  resistance 
to  antimalarlal  drugs. 


2.  Investigations  on  the  imniune  response. 

3.  Correlation  of  a  cellular  enzyme  with  organ  pathology  and 
treatement. 

4.  Determination  of  metabolite  changes  as  evidenced  by 
alteration  in  their  levels  in  body  fluids  and  their 
secret  ion. 


Studies  on  the  mode  of  action  of  antimalarlal  drugs. 
Possible  mode  of  action  of  Mefloquine. 


Mefloquine  is  an  antimalarlal  drug,  developed  to  provide  effective 
chemotheraphy  against  plasmodia  resistant  to  chloroquine  and  Its  con¬ 
geners.  Structurally,  mefloquine  is  a  member  of  the  quinol inemethanol 
series  of  drugs  of  which  quinine  is  the  prototype.  Both  quinine, 
and  mefloquine  cause  the  loss  of  plasmodial  viability  and  in  so 
doing  induce  the  disappearance  of  haemozoin  granules,  and  of  pig¬ 
ment  aggregated  by  prior  exposure  to  chloroquine  (Peters  1977), 
suggesting  that  their  modes  of  action  are  similar  if  unknown. 

However,  very  few  mode  of  action  studies  have  been  carried  out 
with  mefloquine,  and  these  (Davidson  et  al,  1975;  Peters  et  al, 

1977)  indicate  only  that  mefloquine  does  not  bind  to  DNA.  This 
observation  is  in  apparent  contrast  to  observations  on  quinine 


which  has  been  foun j  to  bind  to  DNA  (Ester  sen  et  al,  1969;  Allison 
&  Hahn,  1977),  and  to  inhibit  in  vitro  nucleic  acid  synthesis  di¬ 
rected  by  DNA  templates  (O'Brien  et  al,  1966).  Quinine  was  also 
found  to  inhibit  DNA  and  RNA  synthesis  in  P.  Ga 1 1  I naceum 
(Schel lenberg  &  Coatney,  1961),  and  to  be  bactericidal  for  B. 
meqater I  urn,  although  many  species  of  bacteria  appear  to  be  unaf¬ 
fected  by  the  drug,  (WRAIR  Annual  Reports,  1969-1970).  In  D^. 
pneumoniae,  DNA,  RNA,  and  protein  synthesis  were  equally  Inhibited, 
suggesting  that  the  inhibition  of  macromolecular  synthesis  was  a 
secondary  effect  of  quinine.  The  present  mode  of  action  studies 
on  mefloquine  were  undertaken  after  a  series  of  screening  experi¬ 
ments  showed  that  low  concentrations  of  the  drug  inhibited  the 
growth  of  many  species  of  bacteria.  Concentrations  of  mefloquine 
between  5  x  I0“5  m  and  I  x  10“'^  M  Inhibited  growth  of  £.  col  i  B, 

£.  col i  K-12,  £.  coll  AT-9,  Shi  gel  la  f lexneri ,  Staphylococcus 
aureus,  and  Group  D'  Streptococc  i .  fTrowth  of  Pseudomonas  aertlginosa 
was  partially  inhibited  by  concentrations  of  mefloquine  between 
5  X  10“^  M  and  2  x  10"^  M,  while  the  latter  concentration  was  un¬ 
able  to  prevent  growth  of  Klebsiel la  pneumoniae  and  Proteus 
vulgaris.  We  have  found  mefloquine  to  be  a  potent  bactericidal 
drug,  and  have  obtained  evidence  suggesting  that  it  may  damage  or 
alter  a  cell  membrane.  Exponentially  growing  cultures  of  E.  coll, 
exposed  to  a  concentration  of  I  x  i0“^  M  mefloquine,  immediately 
cease  replication  and  uptake  of  iso+opically  labelled  nucleic  acid 
and  protein  precursors,  and  suffer  a  34/5  loss  In  viability.  Subse 
quent  to  drug  addition  further  loss  of  viability  occurs.  Nucleic 
acids  and  proteins,  or  their  constituents  are  released  into  cul¬ 
ture  medium  and  turbidity  decreases  continuously  (Figure  I).  Wilh- 
in  four  hours,  bacteria  lose  50^  of  their  DNA,  40$  of  fheir  RNA, 
and  25$  of  their  protein.  At  a  concentration  of  3  x  10“'^  M, 
mefloquine  causes  an  immediate  decrease  of  99$  in  bacterial  via¬ 
bility,  with  further  decreases  occurring  in  the  subsequent  four 
hour  incubation  period.  Short  term  labelling  experiments  utilizing 
(I'^O-phenylalanine,  ('“^O-  uracii,  and  (^H)-deoxyadenosine,  showed 
that  a  concentration  of  I .6  x  10“^  M  mefloquine  suppressed  uptake 
of  these  macromolecular  precursors  within  one  minute  after  drug 
addition.  The  influence  of  the  drug  was  very  rapid,  but  again 
uniform  suppression  of  precursor  uptake  was  observed.  Exposure 
of  bacteria  to  concentrations  of  mefloquine  between  3  x  10“^  M 
and  6  x  10-5  M  also  indicated  that  suppression  of  isotope  uptake 
and  inhibition  of  macromolecular  synthesis  occurred  uniformly,  and 
that  mefloquine  did  not  exert  any  specificity  with  respect  to  in¬ 
hibition  of  macromolecular  synthesis. 

Our  observations  suggest  that  mefloquine  possibly  causes  a 
rapid  alteration  in  the  intergrity  of  the  bacterial  membrane.  THis 
hypothesis  was  tested  through  the  use  of  N-tolyl-a-naphthylamlne- 
8-sulfonic  acid  (TSN),  a  compound  which  fluoresces  upon  conjutation 
with  protein.  In  a  similar  study  this  compound  had  previously 
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Fig.  1  The  Influence  of  graded  concentrations  of  mefloquine 
upon  the  growth  of  E.  coll  AT-9.  Growth  and  lysis 
of  bacteria  were  followed  by  determination  of  the 
turbidity  at  420  nm  of  aliquots  of  drug-free  and  drug 
containing  subcultures.  The  specific,  depicted  obser¬ 
vations  were  made  in  conjuctlon  with  the  detection  of 
permeability  changes  in  bacteria  induced  by  mefloquine 
and  illustrated  in  Figure  2. 


been  employed  by  Newton  (|9b4)  to  demonstrate  that  polymyxin 
damaged  or  destroyed  bacterial  membranes.  The  quantitative 
measurement  of  the  fluorescence  of  this  compound,  when  conjugated 
with  protein,  and  upon  mixture  with  col i  AT-9  exposed  to  varying 
concentrations  of  mefloquine,  was  therefore  carried  out,  and  the 
results  are  presented  in  Figure  2.  Aliquots  of  drug-free  bac¬ 
teria,  and  those  incubated  with  serially  increasing  concentrations 
of  mefloquine  were  withdrawn  at  thirty  minute  intervals,  mixed 
with  equal  volumes  of  TSN,  and  the  fluorescence  of  these  sus¬ 
pensions  immediately  determined.  As  expected,  TSN  exhibited  a 
baseline  fluorescence  in  M-9  medium  in  the  absence  of  bacteria, 
and  this  fluorescence  remained  unchanged  throughout  the  course 
of  the  experiment  in  both  the  control,  and  the  culture  containing 
the  lowest  concentration  of  mefloquine.  Higher  concentrations  of 
drug  caused  little  immediafe  change,  but  within  thirty  minutes 
these  cultures  induced  a  considerable  increase  in  fluorescence 
which  persisted  throughout  the  remainder  of  the  experiment.  Most 
noteworthy  is  tiiat  while  a  concentration  of  5.6  x  10“^  M  meflo¬ 
quine  caused  such  increases  in  fluorescence  during  the  first  hour 
of  the  experiment,  the  turbidity  determinations  (Fig.  I)  Indicated 
that  minimal  lysis  and  occurred  in  the  culture  during  this  period. 
Therefore  it  is  reasonable  to  conclude  that  mefloquine  had  altered 
the  cellular  control  of  permeability,  thus  permitting  the  entry 
of  TSN,  and  subsequent  evolution  of  fluorescence  through  con¬ 
jugation  of  TSN  with  protein.  A  similar  conclusion  may  be 
reached  with  respect  to  the  cultures  containing  higher  concen¬ 
trations  of  mefloquine,  since  little  release  of  isotopically 
labelled  protein  was  detected  in  previous  experiments  during  the 
first  hour  of  bacterial  exposure  to  mefloquine  regardless  of  tur¬ 
bidity  decreases. 

Eiacteria  have  also  been  observed  to  undergo  phenotypic  adap¬ 
tation  to  mefloquine.  £.  col i  exposed  to  concentrations  of  I  x 
I  0"'^  M  drug  die  rapidly,  but  such  cultures  are  not  ster  i  I  ized,  and 
within  twenty-four  hours  exhibit  high  turbidity.  Cultures 
exposed  to  3  x  10“^  M  mefloquine  require  forty-eight  hours  to 
achieve  such  growth.  If  the  bacteria  are  subcultured  a  rapid 
exponential  growth  appears  to  resume.  When  fresh  drug  is  intro¬ 
duced  into  this  culture,  bacteria  continue  to  replicate  unabated. 
These  bacteria  now  not  only  grow  at  a  normal  rate  in  the  presence 
of  mefloquine,  but  also  in  the  presence  of  hitherto  bactericidal 
concentrations  of  quinacrine  (Ciak  &  Hahn,  1967),  a  potent 
antimalarial  drug.  The  requirement  for  continuous  drug  pressure 
to  evoke  resisfance  in  bacteria  bears  an  interesting  parallel  to 
the  Induction  of  resistance  among  laboratory  strains  of  plasmodia. 
The  mode  of  action  of  mefloquine  inferred  from  these  studies 
remains  to  be  rigorously  tested  in  both  bacteria  and  plasmodia, 
but  investigations  towards  this  objective  are  planned. 
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Fig,  2  The  fluorescence  of  TNS  upon  mixture  with  standardized 

aliquots  of  subcultures  containing  graded  concentrations 
of  mefloquine,  and  in  the  absence  of  drug.  Subculture 
aliquots  were  withdrawn  at  thirty  minute  intervals,  their 
turbidity  at  420  nm  determined  spectrophotometrically, 
and  then  standardized  to  the  turbidity  of  the  most  dilute 
subculture.  A  volume  of  1.5  ml  of  diluted  bacteria  were 
mixed  with  a  volume  of  1.5  ml  of  4  x  10”^  M  TNS  dissolved 
in  M-9  medium,  and  the  fluorescence  determined.  The  tur¬ 
bidities  observed  during  the  course  of  the  experiment  are 
plotted  in  Figure  1. 


Parasitized  erthrocytes  posses  three  binding  sites  (Fitch, 

1969)  Whic  differ  in  their  affinity  for  chloroquine.  The  site 
having  the  greatest  affinity  (demonstrable  only  by  exposure  of 
L  parasitized  erythrocytes  to  nanomolar  concentrations  of  chloro¬ 

quine)  may  be  absent  or  inactive  in  chloroquine  -  resistant 
infections,  (Fitch,  1969).  These  findings  have  been  confirmed 
and  thus  theisolation  and  characterization  of  the  specific  recep¬ 
tor  have  been  initiated.  Reticulocyte  -  free  plasmodia  were 
obtained  by  saponin  lysis  rather  than  sonication.  Using  analogues 
of  chloroquine,  affinity  chromatography  will  be  employed  to 
obtain  the  macromolecules  which  may  constitute  the  high  affinity 
chloroquine  binding  site. 

2 .  I nvest igat ions  on  the  Immune  Response 

Cellular  aspects  of  the  immune  response.  Investigations  on  the 
cellular  aspects  of  fhe  immune  response  to  haptens  and  to  histo- 
compatabi 1 ity  antigens  has  focused  on  the  early  biochemical  events 
which  may  occur  during  cell  interaction  and  transformation,  employ¬ 
ing  mixed  lymphocyte  cultures  as  model  ■  stems.  Lymphocytes  are 
obtained  from  syngen  ic  and  allogenic  mice,  or  from  human  sources, 
and  the  relation  between  cyclic  nucleotide  variation  and  other 
biochemical  events  such  as  nucleic  acid  synthesis,  and  the 
synthesis  of  antibodies,  is  being  studied.  This  investigation  has 
required  the  development  or  the  adapfation  of  a  number  of  techni¬ 
ques,  including  an  assay  for  bofh  cAMP  and  cGMP  (WRAIR  Annual 
Report,  1977),  and  a  microtiter  procedure  in  which  cAMP  is  measured 
by  double  antibody  radioimmunoassay  directly  in  culture  wells.  This 
latter  procedure  permits  assay  of  cAMP  in  the  femtomole  concen¬ 
tration  range. 

Using  mouse  spleen  I ymghocytes  in  the  microtiter  assay 
procedure  (from  10“^  to  10  cells  per  well),  it  was  possible 
to  measure  the  changes  in  cAMP  levels  that  occurred  in  both 
syngenic  as  well  as  allogenic  system.  The  cAMP  level  decreases 
fourfold  in  the  allogenic  when  compared  to  syngenic  system. 

Similar  changes  in  cAMP  levels  were  observed  in  human  mixed  lymp¬ 
hocyte  cultures.  Several  con  stituents  of  the  medium  such  as 
heparin  and  plasma  may  effect  the  level  of  cAMP  changes  for  yet 
undetermined  reasons. 


Biosynthesis  of  Immunoglobulins.  Many  prerequisites  exist 
to  the  development  of  cell-free  systems  capable  of  affording 
protection  against  militarily  significant  diseases.  For  example, 
sucessful  j_n  vitro  synthesis  of  antibody  may  be  accomplished  only 
after  the  isolation  and  proliferation  of  a  monoclonal  cell  line 
which  produces  high  guantilies  of  a  specific  antibody.  In  addition, 
advanced  biochemical  techniques  must  bf)  adapted  to  These  cells  in 


order  to  obtain  functional  In  vitro  systems,  and  thereafter  to 
analyze  their  molecular  products.  Despite  the  complexity  of  this 
project,  progress  has  been  encouraging.  Thus  a  hapten  carrier 
has  been  defined,  a  cellular  immune  response  to  hapten  has  been 
demonstrated,  a  time  course  for  humoral  response  to  the  hapten- 
carrier  conjugate  has  been  established  by  microculture,  and  the 
conditions  determined  for  detection  by  plague  assay  of  lympocytes 
that  produce  antigen  specific  antibodies.  Additionally,  antibody 
diversity  has  been  demonstrated,  and  preparation  of  pure  IgG  and 
antibody  fractions  which  retain  full  hapten-binding  specificity 
has  begun.  When  rabbit  IgG  containing  hapten-specific  antibody 
is  applied  to  a  polyacrylamide  gel  as  free  antibody,  and  protein 
separated  by  isoelectric  focusing,  a  series  of  hapten-binding 
bands  can  be  located  by  allowing  the  protein  in  I  mm  slices  to 
elute  and  complex  with  (^H)-hapten;  the  labelled  complex  can  then 
be  assayed  by  retention  on  nitrocellulose  filters.  The  migration 
patterns  of  radioactive  peaks  indicate  that  the  antibody  species 
possess  pK’s  which  range  from  near  neutrality  to  moderate  acidity. 
When  the  IgG  fraction  was  complexed  with  (^H)-hapten  prior  to  gel 
application,  a  different  pattern  of  radioactive  bands  occurred 
from  the  extracted  slices,  with  a  general  shift  toward  the  free 
hapten  at  the  cathode,  and  a  possible  change  in  intensity  ratios. 
These  changes,  however,  cannot  be  discerned  in  the  seemingly 
identical  staining  patterns,  Thus  the  heterogene  I ety  of  our 
hapten-specific  antibody  can  be  demonstrated,  and  free  antibody 
can  be  distinguished  from  the  hapten-bound  complex.  Attempts  to 
purify  further  and  to  fractionate  the  IgG  by  weak  anionic  exchanges 
have  thus  far  resulted  in  the  loss  of  hapten-comp  I  ex ing  ability 
and/or  loss  of  protein,  hov;.  /or . 

3.  Prostatic  Acid  Phosphatase;  Its  Amino  Acid  Content  and  Employ¬ 
ment  in  a  Clinical  Assay. 

A  clinical  procedure  intended  to  demonstrated  the  utility  of 
radioimmunoassays  (RIAs)  in  the  detection  of  organ  pathology  has 
been  developed  (WRAIR  Annual  Reports  1975,  1976,  1977).  Measure¬ 
ment  by  RIA  of  the  modulation  of  the  levels  of  the  enzyme  prostatic 
acid  phosphatase  (PAP)  in  serum  and  in  bone  marrow  was  employed 
to  demonstrate  this  utility.  Results  have  shown  a  significant 
relationship  between  increased  levels  of  PAP  and  the  occurrence 
of  pathology  or  of  the  recent  treatment  of  prostate  glands.  A 
high  degree  of  significance  was  found  between  the  increased  bone 
marrow  levels  of  PAP  and  the  C,  Dl,  and  D2  stages  of  metastatic 
prostate  carcinoma,  while  a  lesser  but  still  significant 
correlation  was  observed  between  the  serum  levels  of  the  enzyme 
and  these  pathological  states.  Among  the  necessary  proofs  of  the 
validity  of  the  assay  was  the  demonstration  that  the  RIA  measured 
the  acid  phosphatase  which  was  synthesized  by  prostate  gland  cells. 
This  objective  was  achieved  when  a  correlation  coefficient  of 
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0.96  was  obtained  upon  comparison  of  a  portion  of  the  amino  acid 
content  of  PAP  used  to  develop  the  RIA  and  of  independently  puri¬ 
fied  PAP  (Derechin  et  al,  1971). 

4.  Determination  of  Drug  and  Metabolite  Levels  in  Body  Fluids  and 
in  Secretions,  and  the  Potential  Relation  of  their  Modulation 
to  Disease  States. 

The  novel  and/or  improved  methodolgy,  developed  for  the  purpose 
of  biochemical  investigations  in  the  division  of  Biochemistry  are 
tested  and  evaluated  by  providing  and  making  them  available  (a)  to 
other  Investigators  at  WRAIR  on  col lobarative  projects  and  (b)  to 
various  clinics  at  WRAMC  for  collaborative  Investigations. 

Collaborative  studies  on  antifolate  activity  of  antimalarlal 
and  methotroxate  determinations,  (Hematology  and  Oncology  clinic 
WRAM(!)  and  Div  of  Experi menial  Therapeutics  WRAIR). 

A  determination  of  the  serum  levels  of  the  drug  methotroxate 
in  124  patients  suffering  from  leukemia  and  other  malignancies  was 
conducted  within  the  past  year.  Approximately  3,000  individual 
assays  have  been  performed.  In  addition  to  providing  this  clinical 
assistance,  we  have  been  able  to  apply  the  methotrexate  assay  to 
towards  elucidation  of  the  mechanism  of  action  of  a  group  of  anti- 
malarial  drugs  purported  1o  inhibit  the  enzyme  d i hydrofolate 
reductase.  A  putative  binding  of  these  compounds  to  the  enzymes 
has  been  tested  through  determination  of  the  concentration  of  the 
experimental  drug  necessary  to  displace  50?  of  the  methotrexate 
from  its  complex  with  d i hydrofol ate  reductase  from  Lactobaci I  I  us 
casei .  The  following  table  presents  results  showing  that  seven 
of  these  compounds  displace  methotrexate  from  its  enzyme  complex. 


and  therefore 
are  unable  to 

apparenfly  bind  to  the  enzyme,  whi 
achieve  this  displacement. 

le  two  compounds 

Compound 

50?  Displacement 
Concentration  (pmoles) 

Methotrexate 

3.0 

3.0 

WR 1 80872 

85.7 

85.7 

WR0949 

I .38  X  I03 

I .38  X  1 03 

WR5473 

I lO  X  I03 

I lO.O  X  I03 

«>«) 


> 

/ 


> 


WRI594I2 

70 

70.0 

WR2973 

10  X  10^ 

1.0  X  10^ 

WR992I0 

38 

38.0 

WR38839 

5.6  X  10^ 

5.6  X  10^ 

WRI500I2 

ND 

ND 

WR 178448 

ND 

ND 

A  logit  plot  of  the  interaction  of  these  compounds  with  dihydro¬ 
folate  reductase  is  characterized  by  a  plateau  at  approximately  a 
logit  of  1.0  (79$  displacement  of  methotrexate).  This  plateau 
potentially  reflects  a  difference  in  the  affinity  of  the  compounds 
for  a  second  methotrexate  binding  site.  Only  the  compound  WR  2948 
failed  to  yield  a  logit  plot  of  this  type.  Therefore,  in  general, 
it  appears  that  these  drugs  may  achieve  their  antimalariai  action 
through  inhibition  of  plasmodial  d ihydrofolate  reductase. 

Radioimmune  asscjy  modification  for  serum  bleomycin,  (Hematology 
and  Oncology  clinic  WRAMC). 

We  have  adapted  and  developed  the  RIA  described  by  Broughton 
and  Strong  (1978)  for  the  drug  bleomycin.  The  method  utilizes 
antisera  produced  in  response  to  a  human  serum  albumin-bleomycin 
conjugate.  Water  soluble  carbodiimide  was  employed  to  mediate  the 
conjugation  of  bleomycin  to  human  albumin,  and  several  different 
conjugation  procedures  were  attempted  before  a  suitable  conjugate 
was  obtained.  The  product  was  analyzed  spectrophotometrical ly  by 
plotting  the  ratios  of  the  extinction  coefficients  at  wavelengths 
of  292  nm  and  305  nm  for  various  theoretical  stoichiometries  of  HSA- 
bloemycin  ranging  from  0:1  to  40:1.  The  following  calculations  are 
provided  as  examples: 


Chromophore 


T.^292 


1^292 

305 


HSA 

1  .82 

X 

10“^ 

3.82 

X 

10^ 

Bleomycin 

1 .05 

X 

lo" 

7.66 

X 

10^ 

0: 1 

1.82 

X 

lO'' 

3.8? 

X 

10^ 

47.6 

B 1 eomyc  I  n 

1  :l 

2.87 

X 

lO'’ 

1  .05 

X 

lO'’ 

2.74 

40:  1 

43.02 

X 

10'^ 

30.64 

X 

10^ 

1  .41 

.3 


For  the  experimentally  prepared  conjugate,  a  ratio  of  1.72  was 
obtained,  which  corresponds  to  a  hapten  number  of  5.  (I25|)_  bleo¬ 
mycin  was  prepared  by  iodination  of  histidine  as  described  by 
Broughton  and  Strong  (1978).  Serum  was  prepared  from  animals  Injected 
at  multiple  sites  on  the  back  with  100  ug  of  bleomycin  human  serum 
albumin  in  Freund's  complete  adjuvant.  Antibody  was  detected  by 
applying  reaction  mixtures  containing  100,000  dpm  (l^^l)-  bleomycin 
and  10  yl  of  a  phosphate  buffer  system  to  a  0.22y  nitrocellulose 
filter.  Normal  serum  controls  were  Included.  It  is  appropriate 
to  note  that  in  the  process  of  purifying  the  ( * I )-bl6omycl n,  two 
major  bleomycin  peaks  were  eluted  from  the  G-25  Sephadex  column.  The 
first  major  peak  represented  approximately  50$  of  the  covalently 
attached  label,  and  was  substantially  less  cross  reactive  with  normal 
serum  than  the  second  major  fraction  which  corresponded  to  about  25$ 
of  the  labelled  column  effluent.  The  balance  of  the  reacted  (I25|) 
was  contained  in  six  peaks. 


G-25  Sephadex  Fraction  it 


Serum  # 

35  (1st  ma ior  peak) 

42  (2nd  ma ior  peak) 

4 

58  400 

48  500 

NRS 

412 

2  481 

cpm  Bleomycin 

82  600 

69  000 

The  RIA  protocol  described  by  Broughton  and  Strong  utilizes 
charcoal  dextran  to  remove  non-comp  I exed  bleomycin.  The  logit  plot 
of  the  competitive  binding  data  was  linear  between  logit  +2.8  and 
logit  -2.8,  which  represents  the  range  of  7ng/m|  to  2ug/ml  bleomycin. 
Bo  was  20,000  cpm  and  total  counts  of  ('^^|)  bleomycin  was  30,000 
cpm. 

Analysis  of  serum  histamine  by  high  performance  liquid  chromatography. 

(Collaborative  study  with  the  Division  of  CD-I  WRAIR) 

The  feasibility  of  the  analysis  of  serum  histamine  by  fluores¬ 
cent  derivatization  and  high  performance  liquid  chromatography  (HPLC) 
has  been  established.  The  problem  now  is  to  increase  the  sensi¬ 
tivity  of  the  method  so  that  the  measurement  of  histamine  in  100 
to  200  ml  of  serum  can  be  precisely  and  accurately  performed.  The 
Initial  studies  used  a  Waters  y  Bondapak  C-18  column  and  eluted  the 
fluorescent  derivation  histamine  with  PIC  and  acetonitrite.  Several 
methods  of  derivatization  were  tried.  Derivatization  with  2-methoxy- 
2,4-d ipheny 1 -3  (^H)  f I uoranone  precolumn  produced  multiple  peaks 
with  histamine  and  several  amino  acids.  Derivatization  with  0-ph1hal- 
dehyde  (OPT)  at  ph  9.0  (borate  buffer)  post  column  produced  a  single 


peak  with  histamine  but  the  recorder  baseline  was  noisy  and  hence 
effective  detection  levels  were  only  ng  on  column  (Benson,  J.R.  et 
al.  1975;  Roth,  M.  1971).  The  procedure  of  Shore,  P.A.  et  al.  1959 
was  tried  next.  The  histamine  sample  was  made  alkaline  with  NaOH, 

OPT  in  methanol  was  added,  the  solution  was  incubated,  and  then 
acidified  with  HCL.  The  procedure  was  sensitive  (I  ng  on  column), 
but  produced  multiple  peaks.  Attempts  to  quantitate  histamine  using 
these  peaks  failed  because  linearity  and  reproducibility  could  not 
be  obtained.  Derivatization  with  l-N,N^-diethyl-amino-naphthal ine- 
5-sulfonyl  chloride  was  used  (Doyl,  Z.  et  al.  1972;  EBayor  E.  et  al. 
1976).  This  method  produced  a  single,  well  defined  peak  for  hista¬ 
mine,  was  linear  and  reproducible,  but  the  detection  levels  were 
only  2  ng  on  column.  The  present  method  is  a  modification  of  the 
method  of  Shore,  P.A,  et  al,  1959,  derivatizing  with  OPT,  and  chroma¬ 
tographing  using  a  C-8  column  with  PIC  and  acetonitrile.  The 
sensitivity  is  good  (50  pg  on  column)  and  the  results  are  linear 
and  reproducible. 


Work  is  containing  on  ways  of  improving  the  extraction  of 
histamine  from  serum  and  the  derivatization  of  the  extracted  hista¬ 
mine.  The  present  method  of  extraction  based  on  the  work  of  Shore, 
P.A.  et  al,  1959  requires  about  2  hours.  Over  200  sera  and  800 
controls  have  been  analyzed  to  date  to  verify  analytical  procedures. 


The  study  of  polyamine  levels  in  the  urine  from  normal  and 
prostatic  cancer  patients  was  continued.  Differences  were  noted 
in  the  polyamine  chromatographic  profiles  in  these  subjects. 


A  new  high  performance  liquid  chromatographic  (HPLC)  procedure 
was  developed  for  the  analysis  of  urinary  polyamines.  With  this 
method,  an  analysis  can  be  performed  in  30  minutes  compared  90 
minutes  using  an  ion-exchange  procedure,  and  the  precision  and  ac¬ 
curacy  are  better.  Since  this  new  method  has  been  introduced  80 
samples  have  been  analyzed. 

The  urines  analyzed  contained  polyamines  and  diamines.  Quan¬ 
titative  differences  were  noted  in  putresine,  spermidine,  and  spermine. 
At  the  same  time  two  peaks  corresponding  to  I ,2-diaminoethane  and 
1,3-diamino  propane  were  observed  in  the  urine  from  the  patients 
with  prostatic  cancer.  Wnile  1,3-diamono  propane  does  occur  in 
normal  urine,  I ,2-diaminoethane  does  not.  This  fact  was  noted 
also  using  the  ion-exchange  procedure. 


The  results  of  1 hese  analyzes  are  presently  being  compiled 
and  analyzed  to  determine  the  significance  of  these  finding  in 
cel lular  injury. 


Other  collaborative  and  service  projects  were  performed:  (I) 


r25 


The  analysis  of  36  brain  tissue  samples  for  polyamlne  (Dr  Meyorhoff, 
Division  of  Neuropsychiatry).  (2)  The  analysis  of  amino  acids  in 
25  specimens  (Dr.  Haynes,  Seato  Laboratory  and  Division  of  CD&I). 


LITERATURE  CITED: 

1.  Allison,  R.E.,  &  Hahn,  F.E.:  Changes  in  superhelical  density  of 
circular  deoxyribonucleic  acid  by  intercalation  of  anti-R  plasmid 
drugs  and  primaquine.  Antimicrobial  Agents  &  Chemotherapy  M.:  251- 
257,  1977. 

2.  Bayer,  E;  Gram  T.;  Kaltenegger,  B;  Uhmann,  R:  Separation  of 
Amino  Acids  by  High  Performance  Liquid  Chromatography.  Analytical 
Chemistry  ^  (8):  1106-1109;  1976. 

3.  Benson,  J.R.  hare,  P.E.:  0-Phtha ladehyde:  Fluorogenic  Detection 
of  Primary  Amines  in  the  Picomole  Range.  Comparison  with  Fluores- 
camine  and  Ninhydrin.  Proc.  Nat  Acid.  Sc  (2):  619-622; 

1975. 

4.  Davidson,  M.W.,  Griggs,  B.G.,  Boykin,  D.W.  &  Wilson,  W.D. : 
Mefloquine,  a  clinically  useful  qu inol inemei hanol  antimalarial 
which  does  not  bind  significantly  to  DNA.  Mature  254 :  632-634,  1975. 

5.  Derechin,  M.,  Ostrowski,  W. ,  Galka,  M  &  Barnard,  E.A.:  Acid  phos- 
phamonoesterase  of  human  prostate.  Biochem.  Biophys.  Acta  250: 
143-154,  1971. 

6.  Doyl,  Z.,  J:  Column  Chromatographic  Separation  of  Dansyl  Amino 
Acids.  J.  Chromatog.  129-133;  1972. 

7.  Estensen,  R.E.  Krey,  A.K.  &  Hahn,  F.E.:  Studies  on  a  Deoxyri- 
bonucleis  Acid-Quinine  complex.  Molecular  Pharmacology  532-541, 
1969. 

8.  Fitch,  C.D.:  Chloroquine  resistance  in  malarial:  a  deficiency 
in  chloroquine  binding.  Proc.  Nat.  Acad.  Sci.  U.S.A.  1181-1187, 
1969. 

9.  Newton,  B.A.:  Site  of  action  of  Polymyxin  on  Pseudomonas 

aerug  inosa:  Antagonism  by  Cations.  J.  Gen.  Microb.  J_0:  491-499,  1954. 

10.  O’Brien,  R.E.  Olenick,  J.G.,  &  Hahn.  F.E.:  Reactions  of  quinine, 
chloroquine  and  quinacrine  with  DNA  an  their  effects  on  DNA  and  RNA 
polymerase  reactions.  Proc  Nat.  Acad.  Sci.  U.S.A.  55:  I5II-I5I7,  1966. 

11.  Peters,  W.,  Howells,  R.E.,  Portus,  J.  Robinson,  D.L.,  Thomas,  S., 


and  Warhurst,  D.C.;  The  Chemotherapy  of  Rodent  Malaria,  XXII. 
Studies  on  mefloquine  (WR  142,  490).  Annals  of  Tropical  Medicine 
and  Parasitology  7j_:  405-418,  1977. 

12.  Roth,  M.:  Fluorescence  Reaction  for  Amino  Acids.  Analytical 
Chemistry;  43:  (7)  880-882;  1971. 

13.  Schel lenberg,  K.A.,  &  Coatney,  G.R.:  The  influence  of  anti- 
malarial  drug  on  nucleic  acid  synthesis  in  Plasmodium  gal  I inaceum 
and  Plasmodium  berghei.  Biochemical  Pharmacology  6:  1 43-1 52,  1961. 

14.  Shore,  P.A.,  Burkhalter,  A;  Cohn;  V.H.;  A  method  for  the 
Fluoresmeter  Assay  of  Histamine  in  Tissues.  J,  Pharm,  Exper.  Ther. 
127:  182-186;  1959. 

15.  WRAIR  Annual  Reports,  1970,  1975,  1976,  1977. 

PUBLICATIONS: 

1.  Mahan,  D.E.  &  Copeland,  R.L.,  Jr.:  A  method  for  using  toluene- 
2.4  di isocyanate  and  g I utara I dehyde  to  stablize  and  conjugate  anti 
gens  to  erythrocytes  for  use  in  passive  hemagglutination  tests.  J. 
Immune.  Methods  J_9:  217-225,  1978. 

2.  Belville  W.D.,  Cox,  H.D.,  Mahan,  D.E.,  Olmert  J.P.,  Mittemeyer 

3. T.,  and  Bruce  A.W.;  Bone  marrow  acid  phosphatase  by  radioimmuno¬ 
assay.  Cancer  £J_:  2286-91  (1978). 

3.  Mahan  D.E.  and  Doctor  B.P.  a  radioimmune  assay  for  human  pros¬ 
tatic  acid  phosphatase  levels  in  prostatic  disease.  Fed.  Proc  37: 
1456  (1978). 


RESEARCH  AMO  TECHNOLOGY  WORK  UNIT  SUMMARY 


77  10  01  I  D.  Change 


[3M161102BS01 


Ida  OC  6444  78  10  01 


T*«K  AKCA  MUM»CII  ' 


II I.  TITLt  »»»  ioixiy  Cl— 1W— lit  Cw<^ 

(U)  Biochemical  Research  on  Military  Diseases 


In.  ICICHTIRIC  MHO  TtCHNOLOfltCAL  AMAt* 


002300  Biochemistry  OlOlOO  Microbiology 


I  I  DD-DKhB(AK)t3t 

tab  iNcirie  »ArA«  b.  ktvcv  or  mw 

BMTbACTOd  ACCIM 

Igyit  Dm  \ 

■eWK  UNIT  MUtaMA 


I  A  OATKt/IWWICTivC;  NA 


DA  I  j  I  C,  In-House 

t$-  Mtoouncat  ItTWA'k  I  a  .'•IkTRUMMAi.  mam  VM  tb^WAOM*** 


ACEMOMAMCI  000  OMOAHIIATtOM 


■MMc* Walter  Reed  Army  Institute  of  Research 
AOOACE*  :*  .Washington,  D.C.  20012 


Ito  AtMROMHMO  OMOAHIIATIOM 


»"•••  Walter  Reed  Army  Institute  of  Research 
Division  of  Biochemistry 
.o„„„..Washlngton,  DC  20012 


lAtlAOMAIOcE  IMOIVIOUAL 


«•««  RAPMUND,  GARRISON,  COL,  MC 
.in>.o«i:  (2021  576-3551 _ 


Foreign  Intelligence  not  considered 


AAlMClAAL  IMVCITIOATOH  f^iAMMA  MAM  li  U  $.  A 

DOCTOR,  B.P.  ,  Ph.D 
(202)  576  -  lOCl 

iOCIA,  tCCUNITV  ACCOUNT  NUOMH: 


-A«  BROWN,  J.E.,  CPT.  MSC 
HAM  LYON,  J.A.,  CPT.  MSC 


(U)  Toxin  (U)  Immunoglobulin  (II)  Vaiclne  (U)  DNA _ 

l»  TtCMHICAL  OBiKCTIVC.*  |A  APAMOACM.  *■  PWOOWIM  fpMWilAA  pf  RtaRA*  «■■»»«•*  Rr  pPMaA*  iMif  •«  MCA  MM  ••CMflYr  ClMMfAcatfai 

23.  (U)  The  objective  of  this  work  unit  is  the  development  of  diagnostic  procedures  and 
of  immunological  and  chemotherapeutic  protection  of  military  personnel  by  identification 
purification,  and  characterization  of  molecules  related  to  disease  processes.  These  mole' 
cules  may  be  products  of  the  disease  state,  of  Infectious  organisms,  or  of  the  immune 
system  of  the  host.  The  classes  of  molecules  under  Investigation  Include  toxins  and  nu¬ 
cleic  acids  of  bacterial  origin,  and  enzymes.  Immunoglobulins,  and  amines  from  mammalian 


24.  (U)  Bacterial  toxins  to  be  investigated  Include  those  from  the  genera  Shigella, 
F.scherlchla,  and  Clostridia.  The  relations  between  the  structure  and  reactions  of  the 
toxin  and  pathogenicity  of  the  bacterium  will  be  determined.  Antibodies  and  vaccines  to 
the  toxin  will  be  Induced  and  developed.  Cloned  lymphocytes  will  be  fused  with  replica¬ 
ting  cells  to  study  antibody  formation.  DNA-DNA  hybridization  studies  will  be  employed 
to  relate  newly  found  clinical  isolate',  to  known  species  of  bacteria  including  pathogens 

25.  (U)  7/  10-78  09  The  procedure  for  the  purification  of  Shiga  toxin  has  been  Improved. 
Shiga  toxin  has  been  found  to  Inhibit  the  binding  of  mRNA  to  prokaryotic  ribosomes.  A 
previously  developed  cytotoxicity  assay  has  been  employed  to  determine  selected  physical 
properties  of  Shiga  toxin  and  the  sensitivity  of  numerous  mammalian  cell  lines  to  the 
toxin.  DNA-DNA  hybridization  studies  in  conjunction  with  the  determination  of  the  pat¬ 
terns  of  carbohydrate  fermentation  have  further  identified  and  related  species  of  the 
enterlcally  pathogenic  genera  Yersinia.  Clinical  assays  for  chemotherapeutic  agents  have 
been  developed  and  employed.  For  technical  reports,  see  WRAIR  Annual  Report,  1  Oct.  77 
to  30  Sept.  78. 
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23.  (U)  The  objective  of  this  work  unit  is  the  development  of  diagnostic  procedures  and 
of  immunological  and  chemotherapeutic  protection  of  military  personnel  by  identification 
purification,  and  characterization  of  molecules  related  to  disease  processes.  These  mole 
cules  may  be  products  of  the  disease  state,  of  Infectious  organisms,  or  of  the  Immune 
system  of  the  host.  The  classes  of  molecules  under  investigation  include  toxins  and  nu¬ 
cleic  acids  of  bacterial  origin,  and  enzymes,  immunoglobulins,  and  amines  from  mammalian 
sources . 

24.  (U)  Bacterial  toxins  to  be  investigated  Include  those  from  the  genera  Shigella, 
Escherichia,  and  Clostridia.  The  relations  between  the  sf’jcture  and  reactions  of  the 
toxin  and  pathogenicity  of  the  bacterium  will  be  determined.  Antibodies  and  vaccines  to 
the  toxin  will  be  Induced  and  developed.  Cloned  lymphocytes  will  be  fused  with  replica¬ 
ting  cells  to  study  antibody  formation.  DNA-DNA  hybridization  studies  will  be  employed 
to  relate  newly  found  clinical  Isolate',  to  known  species  of  bacteria  including  pathogens 

25.  (U)  77  10-78  09  The  procedure  for  the  purification  of  Shiga  toxin  lias  been  Improved. 
Shiga  toxin  has  been  found  to  inhibit  the  binding  of  mRNA  to  prokaryotic  ribosomes,  A 
previously  developed  cytotoxicity  assay  has  been  employed  to  determine  selected  physical 
properties  of  Shiga  toxin  and  the  sensitivity  of  numerous  mammalian  cell  lines  to  the 
toxin.  DNA-DNA  hybridization  studlc.s  in  conjunction  with  the  determination  of  the  nat- 

erns '>f  carbohydrate  fermentation  have  further  identified  and  related  species  of  the 
enterlcally  pathogenic  genera  Yersinia.  Clinical  assays  for  chemotherapeutic  agents  have 
been  developed  and  employed.  For  technical  reports,  see  WRAIR  Annual  Report,  1  Oct.  77 
to  30  Sept.  78. 
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Project  3MI6I102BS0I  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 


Work  Unit  124  Biomedical  Research  on  Military  Diseases 
Investigators: 

Principal:  Bhupendra  P.  Doctor,  Ph.D. 

Associates:  James  E.  Brown,  CPT,  MSC;  PFC  William  J.  Cahillane 

SP5  Steven  E.  Englesen;  George  R.  Fanning  M.S, 
Seymour  Gat  son,  Ph.D;  Mary  K.  Gentry  B.S. 

Darrell  E,  Griffin  ILT,  MSC;  John  C.I.  Olenick 
Ph.D  Sara  W,  Rothman,  Ph.D;  SP4  Bimal  Sinha, 

Frank  Stokes;  SP4  Otis  Tate,  SP5  Richard  Travis 
Diana  Whitaker;  Alan  D.  Wolfe  Ph.D 


The  objective  of  this  work  unit  is  th“  development  of  diagnostic 
procedures,  and  the  studies  on  immunological  and  cherrotherapeutic 
protection  of  military  personnel  through  purification,  character¬ 
ization,  identification  of  macro  molecules  related  to  disease 
processes.  The  foliowing  studies  were  conducted: 


1.  Characterization  of  Shigella  dysenteriae  toxin. 

2.  Chaeac+erizat ion  of  C lostr i dial  toxins. 

3.  DNA  relatedness  ainong  Enterobacteriaceae. 

4.  Isolation  and  characterization  of  coa*^  proteins  of 
trypanosomes . 

I.  Characterization  of  The  toxin  from  Shigel la  dysenteriae. 

In  coi loboration  with  the  investigators  in  Depts  of  Bacterial 
Diseases  and  virus  Diseases,  of  Div  of  i;D  &  I,  this  project  have 
been  focused  on  the  delineation  of  the  niolecular  characteristics 
and  the  role  of  a  toxin  associated  with  Shigella  dysenteriae  in 
pathogenicity  of  enteric  diseases  of  bacterial  etiology.  The  toxin 
is  distinct  from  and  in  addition  to  the  enterotoric,  polymolecular 
endotoxin  common  to  all  gram  negative  eniric  bacteria.  Previous 
investigations  have  resulted  in  obtaining  hifjhly  enriched  pre¬ 
paration  of  toxin  which  appeal s  to  be  involved  at  least  as  one 
of  its  mode  of  adion,  a  potent  inhibitor  of  in  vitro  protein 
synthesis  in  pro  -  and  eukaryoric  systems.  Also  a  highly  sensitive, 
precise  and  reoroducible  microtiter  assay  to  accurately  measure 
cytotoxicity  of  toxin  was  developed.  During  the  pass  year  the  in¬ 
vestigations  have  been  en tended  to  fa)  improve  the  isolation  and 
purification  of  toxin  procedures  (b)  elucidation  of  the  mechanism 
of  inhibition  of  in  vitro  protein  synthesis  by  the  toxin  (c) 


determination  of  some  of  its  physical  properties  and  the  lethal 
spectrum  (d)  the  effect  of  the  toxin  on  endogenus  cyclic  nucleotide 
levels  of  the  target  cells,  and  (e)  localization  of  the  locus  of  the 
toxin  with  the  source  bacterium. 

a .  Puri f ication  of  Sh i ga  tox i n . 

Considerable  effort  has  been  expended  to  modify  the  previously 
developed  procedure  to  enable  large  scale  purification  of  toxin  and 
to  optimize  the  recovery  of  toxin  in  its  native  form.  In  general, 
the  following  procedure  is  adapted  at  the  present.  It  holds  a  good 
promise  for  obtaining  reasonable  amount  of  pure  toxin  for  further 
studies  on  its  characterization  and  its  role  in  pa Iholgenicity. 

The  cell  paste  is  suspended  in  buffer  and  subjected  to  dis¬ 
ruption  in  French  pressure  cell.  The  resultant  preparation  is  next 
centrifuged  at  50,000  RPM  for  3.5  hrs  in  model  1.  u I tra-cenir i f uge 
(50*2  Ti  rotor).  The  clear  supernatant  was  aspirated  and  fractional 
ammonitum  sulphate  precipitation  of  protein  was  carried  out.  The 
fraction  between  28  -  50^  (room  temp)  contained  most  of  the 
toxin.  The  28-50?  cut  precipiltate  were  resuspended  in  0.075  M  NaCI 
in  0.02  M  Tris'HCI  at  pH  7*8,  dialyzed  exhaustively  in  +he 
same  buffer  and  applied  to  previously  equi I  I i brated  DEAE-Sephadex 
A-50  column.  The  toxin  was  eluted  with  0*10  M  NaCI  in  0*02  Tris  - 
HCI  pH  7*8  buffer.  The  fraction  containing  toxin  activity  as 
determined  by  assaying  for  cytotoxicity  using  microtiter  assay 
procedure  were  concentrated  using  diaflo  filtration  procedure.  The 
concentrated  toxin  was  applied  to  Sephacryl  S-200  gel  filtration 
column  and  the  column  was  developed  with  buffer  containing  0*|0 
NaCI  in  Tris*HCl  pH  7*8.  The  appropriate  fractions  containing  toxin 
activity  were  concentrated.  Several  batches  of  toxin  preparation  pro¬ 
cessed  up  to  this  step  were  pooled  and  dialyzed  against  0*010  K 
phosphate  pH  6*0  buffer.  Ihe  preparation  was  applied,  nex1 ,  to  rar- 
boxeymethyi  cellulose  column,  and  eluafed  with  a  linear  gradient  con¬ 
taining  0  -  0*0I  M  phosphate  pH  6*0.  The  tube  employed  for 
collecting  the  fractions  contained  buffer  solution  at  pH  8*0  so  that 
the  exposure  of  toxin  to  lower  pH  was  minimized.  The  toxin  enriched 
fractions  were  concentrated  and  subjected  to  a  preparative  isoelec¬ 
tric  focusing,  (rH  5-8).  The  toxin  containing  fractions  were  pooleq, 
the  arnpliolytes  removed  and  concentrated.  This  preparation  was 
stored  in  aliquots  at  -  70?. 

A  typical  results  of  purification  by  this  procedure  is  summer! zed 
i  n  Tab  I e  I . 

The  post- i soe I ect r i o  focusing  fraction  was  approximately  50? 
homogeneous  as  estimated  by  dens i tomot r i r  scan  of  an  isoelectric 
focusing  gel. 


Table  I 


Summary  of  Shiga  loxin  Purification 


Activity  Total /mg 

Fraction  CD^Qmg  Prote i n  Prote i n 


1.  Post  Ultracentifugation 

o 

X 

8200 

2.  28-50?  Ammonium 

Sul  fate  ppts. 

2.0  X  lO'^ 

5300 

3.  DEAE  -  Sephadex 

A-50  pooled  Fraction 

1 .6  X  10^ 

150 

4.  Sephacryl  S-200 

gel  filtration  pooled 
fraction 

6-3  X  10^ 

10 

5.  *CM-52  column 

1-2  X  lO"^ 

1-6 

6.  Post  lEF 

5.0  X  10^ 

0*6 

The  specific  activity  of  Shiga  toxin  appears  to  be  1-2  x  IO®/mg 
protein  when  judged  by  cytoxicity  assay  of  this  and  other  preparations. 
Therefore  Shigella  dysenteriae  1  contains  approximately  2  mg  toxin/kg 
wet  weight  of  cells.  Further  analysis  of  the  purified  toxin  (Prepa¬ 
ration  obtained  by  this  method)  by  analytical  isolectric  focusing  showed 
cytotoxin  activity  in  5-6  protein-staining  bands.  Most  activity 
was  localized  in  one  band  with  an  isoelectric  point  at  pH  of  6*9. 
Cytotoxin  activity  was  detected  from  pH  6.3  -  6.9.  Analytical 
electrophoresis  again  revealed  cy toxin  activity  in  four  protein-stain¬ 
ing  bands,  with  a  large  proportion  of  the  activity  concentrated  in  one 

band.  Preliminary  estimates  obtained  by  chromatography  on  Sephacryl 
S-200  and  Biogel  A  0.5m  columns  indicated  the  toxin  possesses  a  mole¬ 
cular  weight  between  20,000-40,000  daltons,  which  is  somewhat  lower 
than  previous  estimates  (Thompson  et  a  1 ,  1971  Mr  I ver  et  al,  1977). 
Incubation  of  the  toxin  with  sodium  metaperiodate,  a  compound 
which  destroys  vicinal  diols,  completely  eliminates  toxicity,  thereby 
suggesting  that  Shiga  toxin  contains  carbohydrate  residues  critical 
to  its  cytotoxicity. 


•  > '» 
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Several  other  approacheii  were  madj  1o  improve  the  yield  of  puri¬ 
fied  toxin  preparations.  One  of  the  approaches  was  to  modify  the 
growth  medium  in  order  to  maximize  the  production  of  toxin  by  bacteri¬ 
um.  At  the  same  time  the  growth  conditions  were  altered  in  such 
a  way  that  the  toxin  may  "leak"  out  into  medium  thus  facilitating 
the  recovery.  The  variation  tried  were  iron,  salt,  ph  and  nitrogen 
source  concentration  variations.  Toxin  yield  was  also  studied  in 
various  strains  of  dysenter iae,  including  60R,  38 1 8  0,  and  in  two 
"ieaky"  mutants  selected  (by  Dr.  Peter  Demski )  for  cell  surface  de¬ 
fects  which  cause  leakage  of  periplasmic  proteins,  including  Shiga 
toxin.  Thus  far  the  strains  have  been  found  to  grown  equally  well  on 
two  commercial  media,  Syncase,  and  N-Z  amine  A  medium  and  to  pro¬ 
duce  equal  amounts  of  toxin  in  these  media,  while  a  third  medium  ST 
has  been  found  to  support  growth  poorly  but  to  yield  a  higher 
quantity  of  to>in  per  cell.  The  composition  of  these  media  are  as 
follows:  (I)  Syncase:  contains  Difco  casamino  acids,  glucose,  0.2  ug 

iron/ml,  and  is  buffered  af  pH  6.8  by  0.07  M  phosphate.  (2)  N-7  amine 
A  contains  N-Z  amine  A  casein  hydrolyzate,  and  less  than  O.l  ug  iron/ 
ml.  (3)  ST  con  rains  yeast  extract,  no  added  glucose,  a  pH  of  8.6, 
and  0.6  ug  i ron/ml . 

I  he  results  of  this  group  of  experiments  indicafed  that  optimal 
produc+ion  of  toxin  could  be  obtained  for  strain  3818  0  in  Syncase 
medium  at  a  pH  between  6.8  to  7.2  with  a  phosphate  concentration  of 
0.07  M.  Concentrations  of  phosphate  of  0.14  and  0.21  M  served  to  sus- 
tian  growth  of  bacteria  for  more  than  24  hours,  yielding  a  higher  titer 
of  cells,  and  of  toxin,  but  the  greater  toxin  yield  was  attribu+ed  to 
lysis  of  more  bacteria  rather  than  to  an  increased  quantity  of  toxin 
per  cell.  These  investigations  of  the  i.ifluence  of  the  growth  media  on 
toxin  production  are  continuing  in  the  hope  of  determing  an  even  more 
perferable  coii, bination  of  nutrients  and  conditions  which  will  increase 
the  yield  and  specific  activity  of  the  toxin. 

An  attempt  was  made  to  obtain  the  toxin  from  the  culture  broth 
of  a  "leakage"  mutant  strain.  Large  ( i6  titer)  culture  of  "leaky" 
mutant  of  strain  PL-85,  was  grown  overnight  in  Syncase  broth,  pH  7.2, 
0.07  M  PO4.  Toxin  was  prepared  from  broth  by  centrifuging  out  organ¬ 
isms  and  filtering  supern.itant  fluids  through  i42-mm  diameter,  0.45 
mu  pore  sized  Millipore  filters.  Broth  was  concentrated  from  30 
liters  to  400  ml  using  hoMow-fibre  concentrators.  The  concentrate 
had  a  titer  of  CD50  1*6  x  lO'^/’mg  protein.  The  preparation  was  fur¬ 
ther  purified  by  (NH^)2S04  precipitation  and  Sephadex  S-200  chroma¬ 
tography.  Polyacrylamide  gel  electrophoresis,  however,  showed  that 
it  had  no  fewer  protein  bands  than  toxin  preparation  at  the  same 
stage  of  purilication  but  prepared  by  disruption  of  whole  bacterial 
cel  Is. 


I  nh ib i t ion  of  i n  vitro  protf!  t  n  synthes i s  by  Sh i ga  Toxin. 
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b. 


Previously  it  was  shown  that  Shiqa  toxin  inhibits  protein  syn¬ 
thesis  from  both  eukaryotic  atid  prokaryotic  sources  (Steinberg,  et 
3l,  1976;  Olenick  et  al,  1977).  Continued  investigation  of  these 
effects  has  centered  primarily  upon  the  elucidation  of  the  mechanism 
by  which  Shiga  toxin  blocks  poly-U  primod  synthesis  of  polyphenyl- 
lalanine  in  a  system  derived  from  Escherichia  col i .  Serveral  obser¬ 
vations  wore  of  importance  in  the  determination  of  the  mechanism  of 
inhibition  of  protein  synthesis  by  Shiga  toxin:  (i)  the  toxin 
inhibited  polypheny  la  I  an ine  synthesis  on<y  upon  preincubation  with 
the  extracted  biological  components  of  the  polymerization  systems, 
and  (it)  the  target  component  proved  to  be  the  ribosome.  The  effect 
of  the  toxin  on  the  binding  to  ribosomes  of  the  various  macromolecu- 
lar  components  of  the  polymerization  system  was  therefore  determined, 
and  the  toxin  was  found  to  inhib't  the  binding  of  poly-U  to  ribo¬ 
somes.  Results  of  a  tvpical  experimen+  are  found  in  Figure  I,  which 
depicts  the  inhibitory  action  of  the  toxin  with  respect  to  both 
the  binding  of  (^H)-poly-U  and  the  synthesis  of  ( I'^O-polypheny- 
talanine.  The  exterit  of  inhibition  of  mRNA  binding  and  cf  amino 
acid  polymerization  are  comparable,  and  clearly  demonstrate  a 
a  cause-effect  relation  between  toxin  action  on  the  attachment  of 
the  mRNA  and  the  function  of  the  system.  These  results  were  veri¬ 
fied  by  electrophoresis  of  ribosomes  and  poly-U  in  the  absence 
and  the  presence  of  the  toxin.  Figure  2  shows  typical  electro¬ 
phoretic  patterns  of  ribosome  incubation  mixtures  in  an  agarose- 
2.2%  polyacrylamide  gel  stained  with  "stains  all"  and  scanned  for 
absorbance  at  5T0  nm.  The  profile  of  the  toxin-free  system  contains 
a  prominent  shoulder  which  migrated  more  slowly  than  the  main 
body  of  the  70S  ribosomes,  while  the  toxin  containing  system  lacks 
the  shoulder  almost  completely.  The  shoulder  is  usually  a  popu¬ 
lation  of  monosomes  which  apparently  was  unable  to  form  in  the 
presence  of  the  toxin,  i .e.  the  toxin  inhibited  the  binding  of  poly- 
U  to  the  ribosomes.  One  can  estimate  that  a  ratio  of  approximately 
5  toxin  molecules  to  I  70S  ribosomal  couple  were  necessary  to  pro¬ 
duce  50^  inhibition  of  the  polymerization  system,  suggesting  that 
the  action  of  the  toxin  was  not  catalytic,  and  that  the  affinity 
of  the  toxin  for  its  binding  site  was  weak.  Therefore  to  study  the 
binding  of  the  toxin  to  the  ribosome,  aliquots  of  foxin  were  iodi- 
nated  using  chloramine-T  procedure.  Although  vhe  original  toxin 
preparation  contained  approximate! v  I .G  mg  protein  per  ml,  dilution 
of  the  foxin  through  iodination  and  subsequent  chromatography  on  a 
Sephadex  G-25  column  resulted  in  a  preparation  which  was  useful 
for  binding  studies  but  was  +o  dilute  to  produce  inhibition  of  poly¬ 
pheny  I  <1  I  an  i  ne  synthesis.  The  salient  results  obtained  using 
('^^1 )-toxin  preparation  wf^re:  (I)  the  toxin  did  bind  to  the 
ribosomes,  and  (2)  factors  influencing  the  binding  of  the  toxin 
to  the  ribosomes  could  be  determined.  Analysis  of  the  binding 
of  iodinated  toxin  to  the  ribosomes  was  carried  out  by  co¬ 

eluting  with  the  ribosomes  in  the  excluded  volume  after  chroma¬ 
tography  on  a  Sephadex  0  lOC  column.  Iodinated  toxin  chromato¬ 
graphed  in  the  absence  of  ribosomes  yielded  little  radioactivity 


in  the  excluded  volumn,  but  exhibited  three  radioactive  peaks  con¬ 
taining  protein  estimated  to  have  molecuiar  weights  of  approximateiy 
50,000  and  100,000  daltons,  respectively.  A  third  peak  appeared 
to  contain  free  iodine.  Figure  3  compares  the  amount  of  toxin 
bound  to  the  ribosomes  upon  g I utara I dehyde  fixation,  and  amount  of 
toxin  bound  to  ribosomes  in  the  absence  of  g I utara I dehyde.  After 
g I utara I dehyde  fixation,  there  occur  an  approximately  ten-fold 
increase  in -the  amount  of  toxin  coeluting  with  ribosomes,  indicat¬ 
ing  that  the  affinity  of  the  toxin  for  its  ribosomes  binding  site 
was  weak,  and  required  covalent  linkage  to  detect  the  potential 
stoichiometry.  Figure  4  compares  the  amount  of  radioactivity 
measured  in  the  excluded  volumes  of  chromatographic  runs  after  in¬ 
cubation  of  ribosomes  with  toxin  at  various  concg 

and  in  the  presence  of  poly-U.  The  concentrations  Mg*^ 
the  extent  of  association  or  dissociation  among  ribosomes  and  their 
subunits,  but  neither  form  appears  to  bind  a  greater  amount  of  toxin 
The  increase  in  the  amount  of  toxin  coeluting  with  ribosomes  when 
poly-U  was  present  suggests  that  these  molecules  do  not  bind  at  the 
same  site  but  each  may  influence  the  binding  of  the  other  molecule. 


jntrations 
-  controls 


c. 


Determ i nat i on  of  some  of  the  phys i ca I  properties  and 
I etha I  spectrum  loxin. 


Fiecause  of  the  reproducibility  and  sensitivity  of  macrotitor 
assay  developed  previously  to  measure  the  cytotoxicity  of  Shiga  toxin 
it  has  been  possible  to  study  various  physico-chemical  properties 
of  this  toxin.  The  following  properties  of  the  toxin  have  been  elu¬ 
cidated. 


(i  ) 


Incubation  of  toxin  at  37°  with  lOOug/ml  pronase  for  more 
than  18  hrs  is  requred  for  appreciable  loss  of  cytotoxicity. 


(ii)  The  toxin  is  stable  to  heat  up  to  at  least  69°  (|0  min).  Partial 
inactivation  occurs  cJf  75-80°  and  residual  activity  remains  after  90° 
incubation. 


(iii)  It  is  possible  to  detect  even  a  trace  amount  of  Shiga  -  like 
toxin  in  other  strains  of  enteric  microorganisms. 


(IV)  Using  rabbit  antitoxin  to  Shiga  toxin  it  has  been  possible  to 
study  the  neutralization  of  several  toxin  preparations.  Further 
more  in  order  to  study  the  mechanisms  of  binding  and/or  entry  of  toxin 
into  the  HeLa  cells,  a  radioimmune  assay  to  detect  toxin  on  the 
surface  of  cells  was  developed,  or  produced  by  ' I  -  I abe I  led  goat 
anti-rabbit  antibody.  Tovin  could  be  detect  by  RIA  to  titers  of 
10"'^  -  10^’^,  while  cells  exposed  to  toxin  under  the  same  conditions 
in  the  standard  cytotoxicity  assay  indicated  toxin  at  dilution  of 
10“^  -  I0“^’^.  The  studios  also  indicate  that  toxin  binding  to  HeLa 
cel  is  is  virtually  complete  wittiin  the  first  thirty  minutes  exposure. 


?lffire  3.  iepbadex  1-iOO  fractionation  of  3.  ooii  ribosomes  and  (  I)-oQi«a 
toxin  after  ji Jtaraidehyde  fixation.  Tbe  rToosomes  and  oo-«iuting  toxin 
appear  in  tne  excioded  7oiuiiie  '-rtiicn  consists  of  iracti-^na  six  through  .en. 
(•),  giataraidenyde  present;  (•),  glutaraj.der.yde  aosent. 


Figure  U.  Sephadex  0-100  fractionation  of  3higa  toxin  In  the  absence  and  proeence 
of  associated  and  dissociated  E.  coll  ribosomes  and  pol>airidyiio  acid.  The  dia¬ 
gram  depicts  the  fractions  containing  the  excluded  volume  of  the  column. 


2:]H 


A  similar  experimprit  using  bOR  strain  toxiod  Indicate  that  the 
toxiod  did  not  bind  to  the  cell.  The  sensitivity  of  various  human 
cell  lines  to  the  cytotoxic  effects  of  Shiga  toxin  has  also  been 
studied.  The  effect  of  toxin  on  three  different  HeLa  strains  (the 
parent  strain,  strain  S-3,  and  the  Ohio  strain),  as  well  as  the  fol¬ 
lowing  cell  lines,  HEp-2  (human  laryngeal  epidermal  carcinoma,  FRhl, 
(monkey  fetal  lung),  LLC-MK2  (monkey  kidney),  H-VERO  (monkey  kidney), 

BHK  (hamster  kidney),  L  (mouse  connective  tissue),  407  (human  Intes¬ 
tinal),  MA-331  (human  intestinal),  and  KB  (human  oral  epidermoid 
carcinoma)  have  been  determined.  Only  the  BHK  line  appears  to  be 
totally  refratile,  and  no  other  line  studied  approaches  the  sensiti¬ 
vity  of  the  HeLa  cell. 

d .  Effect  of  Sh i ga  toxi n  on  endogenus  cAMP  I  eve  I s  i n  Hega  cel  Is. 

Some  microbial  toxins,  such  as  cholera  toxin  and  Escherichia 
coll  enterotoxin  cause  a  cellular  rise  in  cyclic  AMP  levels.  A 
group  has  reported  that  Shiga  toxin  activates  adenylate  cyclase  and 
increases  cyclic  AMP  levels  in  ligated  ileal  loops  of  rabbits  (Charney 
et  al,  1976).  Since  cAMP  synthesis  is  a  cellular  function,  it  is 
of  interest  to  study  the  modulation  of  cAMP  levels  in  HeLa  cells 
exposec  to  Shiga  toxin. 

Tissue  culture  dishes,  60  x  15  mm,  were  seeded  with  2.1  x  10^ 
cells  in  a  3  ml  volume.  After  allowing  cell  attachment  overnight, 
highly  purified  Shiga  toxin  in  a  0.33  ml  volume  was  added  and  cells 
ware  incubsted  in  the  presence  of  toxin  for  various  time  periods  from  15 
min  to  4  hr.  Cyclic  AMP  was  extracted  from  the  cells  with  cold 
perchloric  acid  and  levels  determined  with  a  radioimmunoassay.  It 
was  observe  that  in  the  presence  of  toxin  endogenous  levels  of  cAMP 
rose  from  a  baseline  average  of  9.8  picomoles/mg  cell  protein 
to  a  high  of  34.5  picomoles/mg  cell  protein  in  2  hrs  and  then  dropped 
precipitously  to  5.2  picomoles/mg  at  3  hrs  and  1.7  picomoles/mg  at 
4  hrs.  the  la^  before  the  rise  cAMP  levels  suggests  that  the  toxin 
must  be  internalized  and/or  modified  before  act  in.  The  rise  may  be 
caused  by  activation  of  adenylate  cyclase  or  by  inhibition  of 
phosphodiesterase.  Attempts  are  underway  to  identify  the  cause 
mechanism  of  modulation  of  the  levels  of  cAMP  by  Shiga  toxin. 

e.  Re  I  ease  of  Sh i ga  Tox i n  w i thout  Cel  I  Pi  eruption;  the  Locus 
of  the  Toxin. 

Presently  the  initial  step  in  the  purification  of  Shiga  toxin 
involves  French  pressure  cell  lysis  of  tfie  source  bacteria.  The  re¬ 
sultant  extract  contains  a  large  tuiniber  of  proteins  inharei.t  to  bac¬ 
teria,  which  complicate  the  probler  of  purification  of  the  toxin. 

As  a  consequence,  alternative  methods  have  been  sought  to  obtain 
Shiga  toxin  from  cells,  particularly  procedures  which  cause  '“elease 
of  the  toxin  without  lysis  of  the  bacteria.  Two  general  methods 


have  been  employed;  i)  manipulalion  of  intact  cells,  and  2)  in¬ 
duction  of  mutant  strains  which  release  toxin  into  the  growth 
medium.  In  addition,  it  was  hoped  that  release  of  the  toxin  with 
the  minimal  cell  disruption  would  identify  the  cellular  locus  of 
of  the  toxin. 

Thrje  different  methods  were  utilized  for  the  release  of 
toxin  from  intact  cells,  these  were;  (i)  treatment  with  polymyxin 
B,  (ii)  formation  of  spherop lasts,  and  (iii)  osmotic  shock.  Treatment 
of  bacteria  with  polymyxin  was  the  most  extensively  studies  of 
these  methods  because  polymyxin  has  been  shown  to  selectively 
release  proteins  and  heat  labile  toxins  from  the  periplasmic  space 
of  E.  col i  cell  wall  complexes  (Cerny  &  Tauber,  1971,  Evans  et  a  I , 
1974). 

Treatment  of  bacteria  with  polymyxin  was  found  to  release 
Shiga  toxin  from  Sh ige I  la  dysenteriae  3818  0.  Release  of  toxin  was 
achieved  by  modification  of  the  procedures  of  Cerny  and  Tauber 
(1971)  and  Evans  (1974),  and  involved  the  following  steps;  Overnight 
cultures  of  bacteria  were  diluted  I;I0  into  modified  Syncase  broth, 
incubated  with  shaking  at  37  C  for  6  hrs,  and  centrifuged  at  10,000 
xg  for  15  min.  The  pellets  were  washed  twice  with  0.I4M.  NaCI,  pH 
7,3.  The  bacteria  was  then  resuspended  in  0.I4M  NaCl,  pH  7.3  con¬ 
taining  2  mg/ml  polymyxin  B  suifate.  After  incubation  for  2  and  60 
rriin  aliguots  were  removed  and  centrifuged  at  16,000  xg  for  20  min. 

The  supernatants  were  assayed  for  marker  enzymes  and  cytotoxicity 
in  HeLa  cel  Is. 

The  cellular  locus  of  Shiga  toxin  was  determined  by  monitoring 
the  release  of  toxin  as  a  function  of  the  release  of  cytoplasmic 
and  protoplasmic  marker  enzymes.  The  enzymes  5'  nucleotidase  was 
used  as  a  marker  for  proteins  located  in  periplasmic  space,  while 
inorganic  pyrophosphatase  was  assayed  as  the  cytoplasmic  marker. 
Approximately  50^  of  Ihe  toxin  was  released  from  exponentially 
growing  cells  after  polymyxin  treatment.  It  is  not  clear  at  the 
present  whether  the  toxin  is  located  in  periplasmic  space  or  not. 

2.  Character! zat ion  of  C lostr i d i a  I  Toxi ns 

Clostridial  toxins  have  recently  been  implicated  in  the  patho¬ 
physiology  of  antibiotic-associated  colitis  in  animals  (Bartlett  et 
al,  1977)  and  man  Larson  et  al,  1977).  We  reported  previously  (Katz 
et  al,  1978)  that  clindamycin  colitis  in  rabbits  was  accompanied  by 
increased  numbers  of  Clostridia  in  tne  stools.  Furthermore,  sterile 
filtrates  of  stools  from  rabbits  with  clindamycin  colitis  caused 
severe  epithelial  necrosis  and  inflammation  when  injected  into  ileal 
loops  or  normal  rabbits.  I hese  obaservat ions  suggested  tiiat  a  bac- 
ferial  toxin,  probably  of  clostridial  origin,  was  involved  in  the 
pathogenesis  of  clindamycin  colitis  In  rabbits.  In  the  studies  re- 


reported  here,  we  demonstrate  that  this  toxin  in  lethal  to  mice,  cyto¬ 
toxic  to  HeLa  ceils  in  culture  and  causes  severe  necrosis  of  rabbit 
rectal  epithelium  in  vitro.  The  toxin  can  be  assayed  in  the  HeLa 
cell  assay  developed  in  this  laboratory  for  studying  Shiga  toxin 
(Gentry  et  al,  1978).  In  addition,  we  have  demonstrated  that  this 
assay  is  useful  in  the  detection  of  Clostridial  toxin  in  stools  of 
humans  with  antibiotic-associated  colitis. 

a .  Tox i n  from  c I i ndamyxi n  treated  rabb i ts 

(i)  Lethal,  cell-free  filtrates  of  diarrheal  stook  from  rabbit 
with  clindamycin  colitis  caused  death  in  mice  following  intra- 
peritoneal  injections.  One-half  ml  volumes  were  lethal  in  dilution 
of  1:5.  We  previously  showed  that  rabbits  co-treated  with  clinda¬ 
mycin  and  vancomycin  did  not  develop  clindamycin  colitis.  Mice 
injected  witli  stool  filtrate  from  c I i ndamyc i n-bancomyc i n  in  treated 
rabbits  remained  healthy,  as  did  mice  injected  with  lOOmg  clindamy¬ 
cin. 

(ii)  Cytotoxicity  for  HeLa  cells. 

Toxicity  of  filtrates  was  tested  in  a  HeLa  cell  assay 
(Gentry  et  al,  1978),  with  serial  dilutions  of  toxin  added  to  Hela 
cell  monolayers  in  microtiter  wells.  By  4  hrs  after  addition  of 
toxin,  cells  were  rounded;  after  overnight  Incubation,  cells  were 
detached  from  the  monolayer.  Activity  could  be  detected  through  the 
1:8  dilution, 

(iii)  Necrosis  of  rabbit  rectal  epithelium 

The  toxic  effect  of  filtrates  on  rabbit  colonic  mucosa 
was  measured  in  vitro  in  t8-hr  explants.  Addition  of  0.05  ml  of 
stool  filtraies  from  a  rabbit  witfi  clindamycin  colitis  to  the  organ 
culture  medium  resulted  in  severe  epithelial  cell  necrosis  and  loss 
of  architectural  detail,  while  control  explants  wei  e  normal  in 
appearance. 

(IV)  Properties  of  toxin 

The  toxin  is  a  protein.  Heating  the  stool  filtrate  for 
30  min  at  60  C  completely  abolished  all  three  toxic  activities. 
Precubation  of  filtrates  with  pronase  (but  not  trypsin)  at  37°C 
for  6  hr  resulted  in  complete  loss  of  mouse  lethality.  The  toxin 
is  non-dialyzable.  Stool  filtrates  were  chromatographed  on 
Sephadex  G-lOO  and  toxic  activity  came  off  in  one  of  two  major  pro¬ 
tein  peaks.  By  comparison  with  elution  volumes  of  rabbit  muscle 
aldolase  (M.W.  158,000),  ovalbumin  (M.W.  45,000),  chymotryps i nogen 
(M.W.  25,000),  r i bosnuc lease  A  (M.W.  13,000)  and  glucosamine 
(M.W.  180),  the  rtoUiculat  weight  of  ttie  toxin  was  estimated  at  ap¬ 
proximately  45,000  dal  tons. 


3.  Neutralization  of  toxin  by  Clostridial  antitoxin 

Because  we  have  observed  an  increase  in  Clostridial  species 
in  the  cecal  contents  of  cl  1 ndamyxi n-treated  rabbits,  we  postulate 
that  the  toxin  in  the  filtrates  might  be  of  clostridial  origin. 

Toxin  filtrates  before  and  after  Sephadex  chromatography  were  there¬ 
fore  pre incubated  with  Clostridium  perfringens  antitoxins,  types  A 
through  E,  and  with  polyvalent  gas  gangrene  antiserum.  Clostr id  1  urn 
perfringens  E  antitoxin  completely  neutralized  the  mouse  lethal  acti 
vity  of  the  toxin;  type  A  antitoxin  partially  neutralized.  No  other 
antitoxin  had  any  effect,  nor  did  normal  horse  serum.  HeLa  cell  and 
rabbit  mucosal  toxicity  could  also  be  neurtalized  by  C I ostr id i urn 
perfringens  E  antitoxin;  cytotoxicity  was  not  neutralized  by  Cl . 
perf r i ngens  A  antitoxin.  Because  C lostr i d i urn  sorde I  I i i  antitoxin 
neutralized  the  toxic  activity  in  hamsters  and  humans  with  ?ntl- 
bi otic-associated  colitis,  we  tried  neutralizing  the  filtrates  with 
this  antiserum.  HeLa  cell  cytotoxicity  was  not  neutralized  by  C I . 
sorde I  I i i  antitoxin.  Broth  cultures  of  Cj_.  perfringens  type  E,  ATCC 
27324  were  toxic  to  HeLa  cells.  The  data  suggest  that  the  toxin  in 
the  rabbit  model  of  clindamycin  col  if  is  is  produced  by  C I ostr i d i urn 
perf r i ngens  typo  E. 

a.  Toxin  from  human  antibiotic-associated  col i  is 


In  tlie  patients  receiving  antibiotics  there  is  the  hazard  of 
ant i b iot ic- i nduced  diarrhea.  With  clindamycin,  as  many  as  20^  of 
the  patients  have  diarrhea,  and  the  incidence  of  pseudomembranous 
colitis  has  been  estimated  at  l-IO?  (Check,  1978).  A  clostridial 
toxin  has  been  found  in  stool  of  patients  with  antibiotic  colitis 
(Larson  et  al,  1977).  This  toxin  is  neutralized  by  antitoxin  to 
C I ostr I d i urn  sorde I i i i .  Anacrotic  culture  of  the  stools  of  these 
patients  has  revealed  the  presence  of  Clostridium  difficile,  which 
produces  a  toxin  neutralized  by  antiserum  to  C lostr i d i urn  sorde I  I i i 


(I)  Isolation  ot  Clostridial 
patient. 


toxin  from  antibiotic  colitis 


The  patient  was  a  49  year  old  woman  with  renal  disease,  who  was 
admitted  to  Peter  Bent  Brigham  Hospital  in  tioston  with  infection  of 
her  urine  and  was  started  on  ampicillin,  tOO  mg  by  mouth,  4  times 
daily.  Seven  weeks  later  she  was  found  to  have  diffuse  pseudomem¬ 
branous  colitis  (F’MC)  and  she  died  ten  days  after. 


The  two  different  stools  specimens  were  taken  from  this  patient 
and  sterile  extracts  (A|  and  A2)  were  tested  for  toxicity  in  the 
HeLa  cel!  assay.  Fig  I  shows  that  the  extracts  caused  cell 
detachment  at  dilution  of  up  to  l:bl?  (Al)  and  1:128.  Cotitrol 
specimen,  A3,  was  from  a  pafient  with  .pastic  colon;  this  caused 
cell  detachment  only  in  the  1:2  dilulion.  The  toxic  activity  in  the 
PMC  extracts  could  be  neutralized  t)/  i:|.  sorde  I  I  i  i  .  It  was  not 


neutralized  by  any  other  anri toxin  tested:  CJ_.  perfr ingens  types 
A  and  E,  and  +ype  E,  and  type  A  enterotoxin,  Cl_.  oedematiens,  Cj_. 
histolyticus.  Cl .  tetanus.  Cl  botulinum  types  A,  B,  and  E,  Vibrion 
septique,  or  Shiga. 


A  A2  A^ 

Fig  I 


Specimens  A,  A2  and  A5  were  diluted  by  2-fold  serial  dilutions  in  cell 
growth  medium.  One-tenth  ml  volumes  of  each  dilution  were  added 
to  2  wells  each  of  microtiter  plate  with  HeLa  cell  monolayers.  Re¬ 
maining  cells  cere  fixed  and  stained  after  overnight  incubating  at 
37  C  in  a  CO2  atmosphere.  Wells  appear  light  in  color  where  cells 
have  detached  due  to  cytotoxicity  of  extracts. 
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(2)  CharacTerization  of  toxin 


A  sample  of  tit  is  extract  was  chromatographed  on  C-iOO  Sephadex 
and  eluted  with  phosphate-buffered  saline.  Elution  was  monitored 
for  protein  (^280^  activity  in  the  HeLa  cell  assay. 

The  toxic  activity  was  eluted  with  one  of  the  three  protein  peaks. 

Molecular  weight  is  estimated  at  between  50,000  and  75,000 

da  I  Tons.  Cytotoxicity  is  inactivated  by  heating  at  60  C  for  30  min. 

The  effect  of  some  microbial  toxins  is  mediated  by  cAMP.  We  incu¬ 
bated  the  toxin  with  the  HeLa  cells  for  various  time  in+ervals  from 
15  min  to  4  hr.  Endogenous  cAMP  levels  were  measured  using  a  radio¬ 
immunoassay  { Schward-Mann ) .  There  was  no  change  in  the  cAMP  levels 
of  the  cells  at  any  of  the  time  periods  tested. 

These  studies  were  carried  out  in  collaboration  with 
Dr.  J.  Thomas  LaMont  of  Department  of  Medicine,  Harvard  itedical  School 
Boston,  Mass. 


(3)  Nucleotide  sequence  relatedness  among  Enterobacteriaceae 

The  enteric  family  of  organisms  contains  pathogens  which 
cause  a  variety  of  diseases  including  dysentery,  enteric  fever,  urin¬ 
ary  tract  infection,  food  poisoning,  and  diarrhea.  The  enteric  family 
also  includes  phytopathogen ic  bacteria.  Our  research  is  designed 
to  determine  the  DNA  relatedness  of  all  organism  in  this  family  of 
bacteria.  The  data  obtained  is  used  to  (i)  develop  a  rr^jlecular  de¬ 
finition  of  a  bacterial  species,  (ii)  characterize  lines  of  evolution¬ 
ary  divergence  in  pathogenic  bacteria,  (iii)  identify  atypical  clincial 
isolates  for  purposes  of  treatment  and  epidemiology,  (!V)  develop  a 
classification  based  on  genotypic  relatedness  and  accurately 
classify  newly  described  organisms. 

Previous  studies  in  our  laboratory  have  siiown  that  enteric 
bacteria  are  all  genetically  rela+ed.  In  nnost  cases  there  is  a  core 
of  about  20-25%  relatedness  among  these  organisms.  The  exceptions 
are  in  the  genera  Proteus  and  Providencia,  which  exhibit  about  i 0- 
\5%  re  I  a  redness  to  members  of  all  other  general  Enterobacter i aceae . 

ftost  of  our  effort  auring  the  past  year  has  been  focused  on 
organisms  ir.  the  genus  Yersinia,  which  rocently  has  been  placed  in 
The  family  Enterobacteriaceae.  Although  fhis  genus  is  well  recog¬ 
nized,  Increasing  numbers  of  clinical  isolates  have  indicated  a  need 
for  additional  epidemiological,  b'ochemical  and  genetic  studies.  In 
addition  our  research  has  involved  little  known  organisms  in  the 
enteric  family  wtiich  have  possible  clinical  significance. 

AM  of  these  studies  are  in  col  lobaration  witfi  Dr.  Don  J.  Brenner, 
Chief,  Enteric  Section,  Center  for  Disease  Control,  Atlanta,  Georgia. 


244 


DNA  Relatedness  in  Sucrose -negat i ve  and  Rhamnose-pos i t i ve  Yersinia 
enter'ocol  i  trca~ 

Tho  three  species  currently  recognized  ip  the  genus  Yers in  la 
are  Y.  enterocol itica,  pseudotuberculosis,  and  Y.  pest  Is.  There 
seem¥  to  be  ag-eement  that  pest  I s  and  Y,  pseudotubercu I  os i s  are 
phenotypical ly  related,  and  th^t  both  of  these  show  very  little 
biochemical  variability.  Brenner  has  shown  that  Y.  pseudotubercu i os  I s 
strains  from  sero-grouns  1  through  6  were  80?  or  more  related; 
additionally  two  o-^her  groups,  Ritter  and  Gerlogg,  and  Moore  and 
Brubaker  have  shown  ti;at  a  single  strain  of  Y.  pest  is  was  more  than 
80?  related  to  pseudotubercu  I  os  i  s . 

Strains  of  Y,  enterocol itica  giffer  substantially  in  their  bio¬ 
chemical  reactions,  oar+icularly  in  tests  for  indole,  xylose, 
esculir,  salicin,  rhamnose,  and  sucrose.  Previous  studies  in  our 
laborato.y  showed  that  Y.  enterocol itica  strains  with  different  Lio- 
chemical  patterns  for  indole,  xvlose,  esculin  and  salicin  showed  an 
average  DNA  relatedness  of  90?. 

Two  of  the  reactions  used  to  distinguish  Y.  enterocc i itica 
and  pseudotubercu I  os i s  are  rhamnose  and  suefose.  Most  strains  of 

Y.  enterocol itica  are  sucrose-positive  and  rhamnose-negati ve.  How¬ 
ever,  some  rhamnose-pos 'tive  and  sucrose-negative  strains  are  now 
included  in  Y.  enterocol itica  or  referred  to  as  Y.  enterocol itica 
I i ka  organ i sms . 

Two  groups  of  Y.  enterocol i tica  do  not  ferment  sucrose.  One 
sucrose-negative  group  is  otherwise  typical  biochemical.  The  se¬ 
cond  sucrose- negat i ve  group  is  part  of  a  larger  group  of  strains 
isolated  from  hares.  These  hare  strains  are  atypical !y  trehalose 
negafive.  They  mimic  the  pathogenicity  of  typical  human  strains  but 
seem  to  be  host  adapted  to  hares.  The  hare  strains  were  80?  or  more 
related  to  one  another  and  to  rypical  strains.  The  sucrose-negative, 
trehalose-positive  strains  were  genera  My  60-70?  related  to  both 
typical  (tre'*’,  suc^)  and  hare  sfrains  (tre~,  ruc~).  Two  groups 
could  be  distinguished  within  the  envi  ronmen-^a  I  si  rains,  "''hese 
groups  were  about  75?  interrelated  and  seem  to  correlate  with  sero¬ 
type.  Our  canclusian  is  that  the  hare  r-.trains  belong  in  Y. 
enterocol ’tjea,  and  tnat  the  environmental  sucrose-negative  strains 
border  on  species  levels  relatedness  to  enterocol  j-*  ica.  They  are 
also  separable  from  typical  enterocol itica  in  source  of  isolation, 
lack  of  enteropathogen Ic !  ty  and  ir  eni'ent  of  DNA  relatedness,  how- 
ver,  at  the  present  time  they  will  be  included  in  the  species  Y. 
enterocol itica.  (See  included  chart). 

AiJditi''nal  work  was  done  with  rhamnose-pos  i  t  i  ve  strains  and  ^ 
fc| lowing  results  obtained.  Strains  which  are  rhamnose'^,  ra^fi'ose  , 


and  melibiose'*'  or  raffinose'^  (considered  to  be  a  rhamnose'mutant)  from 
one  DNA  hybridization  group,  which  are  pathogenic  to  man,  although 
different  from  typical  Y.  enteroco I i t ica.  EBottone  and  Chester  have 
proposed  the  name  Y.  intermedia  for  thes^e  strains.  A  second  of 
strains  are  only  atypical ly  rhamnose-pos i t i ve.  In  general  these 
strains  are  isolated  from  non-pathogen ic  sources.  Two  DNA  hybrldi- 
zaTirn  are  present,  but  as  yet  cannot  be  separate  b iochemcia I  I y .  The 
name  Y.  frederickseni  i  has  been  proposed  (“or  these  strains  (see 
Table  2)^ 

Escherichia  b lattae,  a_  gram  negative  enterobacter i urn.  Genetic 

relatedness  to  Enterobacteriaceac. 

DNA  hybridization  was  used  to  determined  CNA  relateoness  amc.ng 
three  baoteriol  isolates  made  from  cockroaches  on  Rapa  Nui  Island 
in  the  soutnoast  Pacific  Ocean.  Also  tested  was  DNA  relatedness  o,' 
the  Rapa  Nui  i'.olatec:  to  a  single  cocroach  isolate  from  England, 
Escherichia  blatfas,  and  to  species  of  Enterbacter i aceae.  Related- 
ness  of  the  Rapa  i'ui  isolates  to  one  another  and  to  £.  b lattae  was 
found  to  be  very  high  (85?  or  more).  Thus,  oil  of  the  cockroach 
isolates  are  members  of  !  he  sc’iie  species.  Biochemically  these 
isolates  are  intermediate  between  col i  and  Ha  rn i a  a  I ve i .  They 
are  ^‘0  to  45?  r'ek‘ti.d  1c  species  of  Escherichia,  Sa  Imone  i  I  a, 
Citrobactei  ,  Klebsie I  la,  and  Enterobacter  and  25?  related  to  Hafnia 
alvei.  The  genetic  and  biochemcal  (Jata  are  consistent  with  the 
des  i  gnatiori  Escher  ich  i  a  t^l^j+tae. 

4.  Biochemical  Studies  of  i rypancsomes 

Ant  i ijen  i c  Vai'iation  of  Sa  I  i  var  i an  T ryparosomes 

Tcypanosomi as i s  or  sleeping  sickness  poses  a  no.cntial  threai 
to  the  United  States  Army  in  its  mission  to  deploy  and  main-rain 
combat-ready  troops  in  any  area  of  the  wo-  Id.  Because  --'f  the 
possible  need  for  non-iminune  military  personnel  to  operate  in  military 
theaters  where  trypanosomiasis  is  endemic,  a  better  understanding 
of  this  parasitic  disease,  particularly  of  the  phenomenon  of  anti¬ 
genic  variation,  is  required  in  order  to  design  rational  chemo¬ 
therapy  and  immunoprotection  against  African  trypanosomiasis. 

Attempts  at  immunotherapy  and  immunoprotection  are  frustrated 
by  the  capability  of  the  salivarian  trypanosomes  to  undergo  antigenic 
variation,  thereby  evading  the  immune  response  of  the  infected  host. 

In  chronic  infections,  the  tyypanosome  population  continually 
changes  the  antigenic  character  of  its  glycoprotein  surface  coat  in 
reply  to  the  successive  production  of  specific  antibodies  by  the  in¬ 
fected  host.  The  variable  antigen  in  a  single  var i ant -sped f ic 
glycoprotein  whicti  forms  a  monolayered  surface  coat  structure  that 
adheres  to  the  sytoplasmic  membrane.  Itir;  amino  acid  composition  of 
the  glytoprotein  varies  markedly  from  variant  to  variant,  thus  con¬ 
ferring  a  unique  immunological  identify  to  each  variant. 


The  results  of  studies  presented  here  and  future  biochemical/ 
immunological  investigations  are  geared  toward  obtaining  Information 
on  the  nature  of  the  control  mechanism  (s)  and  the  molecular  basis 
of  antigenic  variabi.l  ity.  The  specific  aims  are  I)  to  isolate, 
purify  and  characterize  surface  coat  glycoprotein  from  a  cloned 
strain  of  Trypanosoma  rhodesiense  and  from  a  series  (serodeme) 
of  cloned  antigenic  variants  derived  from  the  original  cloned  strain, 
2)  to  isolate  and  separate  those  polyribosomes  involved  in  the 
synthesis  of  coar  prolsin  from  the  total  population  of  polyribo¬ 
somes  and  to  extract  from  them  the  specific  messenger  RNAs  coding 
for  the  polypeptide  backbone  of  the  coat  glycoprotein  and  3)  to  use 
the  extracted  and  purified  messenger  RNAs  to  study  the  synthesis 
and  elaboration  of  the  coat  protein  and  the  genetic  control  and 
mechanism(s)  mediating  its  production. 

Trypanosomes  are  regularly  isolated  and  separated  from  blood 
of  infected  rats  by  passage  through  a  column  of  anion  exchange  resin 
under  conditions  where  host  blood  cells  were  retained  and  trypano¬ 
somes  were  passed  through  (Lanham,  1968;  Lanham  &  Godfrey,  1970), 

Ihe  use  of  DEAE-Cel I ulose  was  replaced  by  DEAE-Sephace I ,  which  is 
in  beaded  form,  requires  no  precycling  and  permits  greater  rates  of 
flow.  The  procedure  was  scaled  upward  to  permit  one-step  processing 
of  approximately  300  ml  of  parasitized  blood  drawn  from  30  rats. 

Surface  coat  glycoprotein,  which  is  known  to  possess  the 
variant-specific  immunological  properties,  is  routinely  prepared 
and  purified  by  two  methods.  One  method  permits  the  isolation  of 
cell  coat;  the  other  yields  large  undegraded  polyribosomes  and  a 
supernatant  enzyme  fraction  as  well  as  a  cell  coat  glycoprotein. 

Both  methods,  in  part,  incorporatd  modifications  of  procedures  of 
Baltz  &  Pautrizel  (1976)  and  of  Cross  (1975). 

Surface  coat  glycoprotein  was  removed  at  4  C  by  overnight  gentle 
agitation  of  trypanosomes  suspended  in  0.12  M  sodium  phosphate 
buffer,  pH  5.5,  containing  I  per  cent  glucose  or  by  disruption  by 
3  cycles  of  freezing  and  thawing  of  the  parasities  (suspended  in 
a  sucrose-buffer  -salts  mixture,  pH  8.5,  consisting  of  0.25  M  su¬ 
crose,  0.2  M  Tris-HCI,  0,05  M  KCI,  0.05  M  magnesium  acetate,  0.006 
m  2-meracptoethanol  and  100  units  per  ml  of  heparin)  followed  by 
DNase  addition  (20  ug  per  ml)  to  markedly  lower  the  viscosity  of 
the  lysate.  After  centrifugation  (4,000  g  for  30  min  for  the  gentle 
extraction;  for  the  disrupted,  10,000  g  for  10  min  then  150,000  g 
for  2  h),  the  supernatants  were  desalted  on  a  column  of  Sephadex 
G-25  equilibrated  with  0.04  M  sodium  phosphate  buffer,  pH  8.0,  con¬ 
taining  0.03  M  NaCI  prior  to  chromc'i  fography  on  a  DEAE-Sephace  I 
column  equilibrated  with  the  same  buffer.  The  sharp  peak  of  material 
passing  unretarded  throught  the  column  was  collected  and  dialyzed 
against  0.5  M  NaCI  overnic^ht  at  4  C.  Small  amounts  of  aggregated 
material  were  removed  by  centrifugation  at  100,000  g  for  60  min. 
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The  soluble  extract  containing  10-20  mg  of  protein  was  applied  to 
a  10  ml  Con  A-Sepharose  column  previously  equilibrated  with  0.5  M 
NaCI .  Unadsorbed  protein  was  washed  off  with  0.5  M  NaCI  and  the 
glycoprotein  was  then  eluted  with  0.5  M  NaCI  containing  10  per  cent 
a  I pha-methy I -D-mannos i de  and  10  per  cent  ethylene  glycol.  The 
glycoprotein  fraction  was  extensively  dislyzed  against  distilled 
water  at  4  C,  concentrated  to  I  mg  protein  per  ml  using  immersible 
molecular  separators  (Millipore  Corporation)  and  stored  at  -80  C. 

A  combination  of  immunoe I ectrophores i s  and  Ouchterlony  testing 
revealed  a  single  arc  of  precipitation  and  a  line  of  Identity  with 
a  cell  coat  glycoprotein  sample  prepared  from  the  same  strain  but 
isolated  by  high  salt  extraction  (mono-specific  anterserum  and  the 
homologous  glycoprotein  were  kindly  supplied  by  the  Department  of 
Immunology,  DCD&I).  SDS-po I yacry I  ami de  gel  electrophoresis  followed 
by  staining  to  detect  proteins  showed  a  single  band  with  an  apparent 
split  peak  corresponding  to  a  molecular  weight  of  65,000;  staining 
by  the  periodic  acid  Schiff  method  demonstrated  the  glycosylated 
nature  of  the  preparation.  In  all  samples  of  glycoprotein  analyzed 
by  SDS-pol yacr y I  ami de  gel  electrophoresis,  a  split  peak  was  found. 
Since  sufficient  suggestive  evidence  exists  to  lead  to  the  speculation 
that  fhe  cell  coat  glycoprotein  is  a  secretory  or  exported  protein 
and  since  such  proteins  have  been  shown  (Campbell  &  Blobel,  1976) 
to  be  synthesized  as  larger  precursors  proteins,  it  is  possible  that 
the  slightly  heavier  component  of  the  split  peak  is  a  precursor  form 
of  the  finished  surface  coat  glycoprotein.  Precursors  of  exported 
proteins  contain  an  ami no-termina I  extension  or  signal  sequence  of 
20-25  highly  iiydrophobic  amino  acid  residues.  The  signal  peptide 
sequence  is  removed  by  proteolytic  cleavage  during  or  after  ex¬ 
cretion.  The  glycoprotein  preparation  is  presently  being  examined 
by  hydrophobic  interaction  chromatography  to  determine  if  it  contains 
and  to  isolate  a  component  with  an  added  hydrophobic  sequence. 

The  pellet  of  the  150,000  g  centrifugation  contained  both  free 
and  membrane-bound  polyribosomes  and  was  suspended  in  a  sucrose-buffer 
-salts  mixture,  pH  7.5,  composed  of  0.25  M  sucrose,  0.05  M  Tris- 
HCl,  0  05  M  KCI,  0.005  M  magnesium  acetate,  0.006  M  2-mercaptoethano I 
and  5  units  per  ml  of  heparin.  An  aqueous  10  per  cent  solution  of 
sodium  deoxycholate  was  slowly  added  with  constant  stirring  to  the 
polyribosome  suspension  to  a  final  concentration  of  I  per  cent.  The 
deoxycholate-treated  suspension  was  then  layered  on  a  discontlnous 
sucrose  gradient  of  0.7  and  2.0  M  sucrose  containing  the  same  con¬ 
centrations  of  buffer  and  salts  as  ttie  suspension  medium.  Centri¬ 
fugation  was  carried  out  for  4  h  at  100,000  g  and  4  C.  The  final 
pellets  designated  total  polyribosomes  were  rinsed  several  times 
with  the  suspension  medium  and  stored  as  pellets  at  -80  C. 

Polyribosomes  preparations  were  analyzed  on  linear  sucrose 
gradients  (15  to  50  per  cent)  and  were  shown  to  contain  a  wide  distri- 


bution  of  large-oized  particles.  Tie  prepara  ions  were  highly  active 
in  promoting  incorporation  of  amino  acids  in  i  reM-'fr-'  'rofein- 
synthesizing  system.  Sucrose  density  gradient  analysis  of  reaction 
mixtures  demonstrated  that  radioactive- labeled  amino  acids  were  in¬ 
corporated  into  ribosome-bound  nascent  proteins  which  were  then 
terminated  and  released.  Immunoprecipitation  methods  will  be  employed 
to  examine  the  products  of  the  in  vitro  polyribosome-enzyme  system 
to  determine  if  cell  coat  specific  polypeptide  was  synthesized. 

Antiserum  to  cell  coat  glycoprotein  prepared  from  a  cloned 
strain  (CP3B4)  of  Trypanosoma  rhodesiense  was  raised  in  male  New 
Zealand  rabbits  by  injecting  I  mg  of  glycoprotein  emulsified  with  an 
equal  volume  of  complete  Freund's  adjuvant  into  20  subderma  I  sites 
along  the  animal's  back.  At  weekly  intervals  for  a  period  of  four 
weeks,  the  animals  were  given  subcutaneous  booster  injections  of 
0.5  mg  glycoprotein  emulsified  with  an  equal  volume  of  incomplete 
Freund's  adjuvant.  Antiserum  was  titrated  in  microtiter  plates 
ijsing  passive  hemagglutination  tests  described  by  Herbert  (1973) 
with  erythrocytes  conjugated  to  glycoprotein  by  the  toluene-2,4- 
d i i socyanate/g I utara I dehyde  procedure  developed  by  Mahan  and 
Copeland,  Jr.  (1978).  Using  antiserum,  it  could  be  shown  that 
with  homologous  glycoprotein  a  sing  Hi  precipitin  band  was  obtained 
in  agar  immunodiffusion  tests  and  thei was  no  interaction  with 
heterologous  glycoprotein  prepared  ft(;)ii  a  variant  obtained  upon 
chronic  infection  of  a  rabbit.  In  addition,  the  antiserum  aggluti¬ 
nated  homologous  but  not  heterologous  trypanosomes.  Passive 
hemagglutination  was  observed  only  with  erythrocytes  coupled  to 
homologous  glycoprotein.  A  radioimmunoassay  will  be  developed  for 
use  as  a  tool  in  identifying  variants  and  in  systematically  monitor¬ 
ing  the  sequential  appearance  of  variants  in  infected  rabbits. 

Clones  and  stabilates  of  clones  have  been  prepared  from  strain 
CP3B4  of  Trypanosoma  rhodes i ense.  A  clone  of  strain  CP3B4  was  in¬ 
jected  subcutaneously  into  a  rabbit  and  trypanosomes  appearing  at 
later  stages  of  the  chronic  infection  and  expected  to  be  distinct 
antigenic  variants  were  sampled  and  stabilated.  One  such  stabilate 
shown  to  be  anf igencial ly  distinct  from  the  "parent"  CP5B4  strain. 

A  complete  series  of  stabilates  is  presently  being  prepared  by 
sampling  an  infected  raboif  at  sufficient  intervals  to  maximize  the 
probability  of  obtaining  a  serodeme  of  distinct  antigenic  varianis. 
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Description 

This  work  uni t  Is  directed  at  the  understanding  of  changes 
In  the  temporal  organization  of  biological  functions  attendent 
upon  sustained  exposure  to  stressors  characteristic  of  military 
environments.  The  Information  developed  provides  indicators  of 
the  magnitude  and  time  course  of  stressor-induced  behavioral  and 
physiological  dysfunctions  that  are  the  precursors  of  psychiatric 
casualties.  Work  is  conducted  In  both  laboratory  and  field  set¬ 
tings  to  assess  the  biological  costs  cf  sustained  performance 
requirements,  rapid  translocation  across  time  zones  and  altered 
work/rest  cycles. 

Effort  is  expended  or  the  development  of  the  technology  base 
required  to  acquire  and  analyze  the  long  biological  and  behavioral 
data  sequences  needed  tc  assess  baseline,  exposure  and  recovery 
functions.  Non-lnvasive  sensors  and  recorders  designed  for  field 
deployment  must  meet  rigorous  requirements  related  to  size, 
weight,  ruggedness  and  reliability.  The  work  Involves  both  the 
adaptation  of  measur em.tr. ts  previously  restricted  to  the  labora¬ 
tory  and  clinic,  e.g.,  the  electroencephalogram,  for  use  In 
naturalistic  settings,  and  the  development  of  new  measurements 
that  simplify  the  problems  attendent  upon  field  deployment. 

Progress 

1 .  Circadian  Variations  in  Human  Rest-Activity  and  Task 

Performance 

Anticipated  scenarios  of  future  armed  conflicts  Include 
requirements  for  continuous  and  as  well  irregular  periods  of 
operations.  Soldiers  will  be  expected  to  perform  both  rote  and 
complex  tasks:  (a)  during  the  night  vjhen  mental  performance 
and  physical  alertness  are  decreased;  (b)  while  adapting  to 
shifted  rest-activity  cycles;  (c)  following  cumulative  sleep 
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deficits;  and  (d)  during  periods  of  continuous  re-adaptatlon  to 
new  sleeping  environments. 

These  conditions  are  known  to  produce  electrographlcally 
and  subjectively  disrupted  sleep,  as  well  as  disturbances  In 
normal  human  circadian  and  ultradlan  performance  rhythms. 

Their  practical  Implications  might  best  be  explicated  by  study¬ 
ing  soldiers  under  field  conditions.  However,  the  Fire  Direc¬ 
tion  Center  Study  (FDC)  (See  WRAIR  Annual  Report,  1977)  has 
demonstrated  the  need  to  develop  In  the  laboratory  more  robust 
and  Interpretable  measures  of  psychomotor  response,  cognitive 
performance,  and  affective  state.  Furthermore  the  complexity 
of  the  FDC  study  has  shown  the  limitations  of  present  technology 
for  recording  physiological  data,  such  as  EEC,  on  freely  moving 
subjects  In  a  quasi-field  situation.  Finally,  the  multivariate 
nature  of  the  experiment  limited  Interpretablllty  of  findings 
and  the  explication  of  physiological  and  behavioral  Interac¬ 
tions.  Thus,  the  relationship  of  changes  In  performance  to 
associated  temporal  variations  In  bodily  state  must  proceed 
from  well  validated  laboratory  measures  which  may  In  turn  be 
applied  In  field  situations. 

A  protocol  entitled  "Circadian  Variations  in  Human  Rest- 
Activity  and  Task  Performance"  has  been  designed  to  provide  a 
bridge  between  basic  human  psychophysiology  and  field-oriented 
research.  The  major  goals  of  this  study  may  be  summarized  as 
follows : 


(a)  To  assess  the  reliability  and  sensitivity  of  the 
Actlgraph  device  as  an  Indicator  of  rest/actlvlty  patterns.  In¬ 
cluding  sleep  states. 

(b)  To  determine  the  sensitivity  of  a  speed/accuracy 
trade-off  (SAT)  performance  task  to  circadian  variations  In 
bodily  state. 

(c)  To  determine  the  circadian  variations  of  select 
cardiovascular  and  cortical  events  and  their  relationship  to 
the  Information  processing  requirements  of  the  SAT  task. 

(d)  To  determine  the  pattern  of  cardiovascular 
changes  accompanying  EEG-deflned  sleep  states. 

Several  pilot  runs  were  completed  in  the  summer  of  1978, 
ranging  up  to  48  hours  of  continuous  measures.  These  runs  have 
served  to  "shake  down"  the  procedures,  techniques,  and  personnel 
Involved  In  this  multidisciplinary  research  project.  The  lab¬ 
oratory  Is  In  a  status  poised  to  proceed  with  data  collection, 
pending  return  of  key  personnel  committed  to  the  long-range 
deployment,  or  "Jet  Lag"  study,  described  below. 
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2.  The  Health  and  Effectiveness  of  Troops  Deployed  Over  Long 

Distances;  Countermeasures  to  Reduce  "Jet  Lag" 

Research  has  been  Initiated  to  fulfill  the  CINC  USAREUR's 
request  to  assess  the  Impact  of  deployment  upon  soldiers  rapidly 
transported  across  time  zones.  In  conjunction  with  a  USARIEM 
effort  to  evaluate  the  effects  of  "jet  lag"  on  physical  work 
capacity,  a  team  from  WRAIR  Is  examining  the  effectiveness  of 
chronoblologlc  countermeasures  designed  to  hasten  physiological 
adaptation  to  the  new  time  zone. 

The  Initial  experiment  Is  currently  in  progress  with  troops 
undergoing  a  permanent  change  of  station  from  Ft.  Hood,  Texas, 
to  Carlstadt,  West  Germany  (2nd  Armored  Division  Forward). 
Baseline  data  have  been  collected  In  CONUS  on  approximately  180 
male  soldiers.  For  the  majority  of  subjects  living  off-base, 
the  measurements  consist  of  oral  temperatures  taken  at  4-hour 
Intervals  during  normal  duty  hours  and  upon  going  to  bed  and 
rising  for  four  consecutive  days.  However,  thirty  subjects 
live  In  barracks  and  formed  a  special  subgroup  available  every 
four  hours  for  raeasurerents  of  perfornance  as  well  as  tempera¬ 
ture.  Performance  was  assessed  by  two  behavioral  tasks:  (1) 
responding  for  8  min.  on  a  Wilkinson  4-choice  Reaction  Time 
Device  (Wilkinson,  1971);  and  (2)  adding,  as  rapidly  as  possible, 
pairs  of  fifty  random  digits  arranged  In  a  column.  Subjective 
fatigue  was  measured  by  having  the  subject  complete  an  adjective 
checklist  at  the  same  time  the  other  measurements  were  being 
taken.  Throughout  each  day  the  special  group  also  filled  out  a 
log  describing  when  they  ate,  drank,  slept,  urinated,  and  had 
bowel  movements.  All  these  data  are  being  analyzed  by  chrono- 
biologic  statistical  procedures  to  determine  the  subjects  home- 
base  circadian  rhythms  before  the  six- hour  shift  to  tlie  new 
tim.e  zone.  Oral  temperature  was  chosen  as  the  major  dependent 
variable  because  It  Is  considered  as  the  "marker"  rhythm  In 
chronoblologlcal  research  and  because  It  correlates  well  with 
circadian  performance  rhythms. 

Countermeasures  v/111  be  utilizec  on  ninety  subjects  (In¬ 
cluding  fifteen  from  the  special  groups)  In  one  airplane,  while 
the  second  ninety  subjects  will  serve  as  an  unrestricted  control 
group  in  a  second  plane.  The  planned  countermeasures  attempt 
to  maximally  accelerate  the  rate  of  rhythm  resynchronlzatlon 
with  destination  time  by  manipulating  social  cues,  energy  meta¬ 
bolism,  and  reat-actlvlty  cycles  on  tie  day  of  departure, 
throughout  the  flight,  and  during  the  first  day  In  Europe.  The 
success  of  these  manipulations  will  be  evaluated  by  comparing 
the  rate  of  phase  shifting  exhibited  by  the  two  planeloads  of 
subjects  during  the  first  six  days  after  arrival  in  Germany. 
During  this  period  oral  temperaturea  will  be  taker  on  all  180 


participants  every  four  hours  around  the  clock.  Those  In  the 
special  group  will  continue  performing  the  same  tasks  as  during 
the  baseline  period.  A  preliminary  report  will  be  made  to  the 
CINC  USAREUR  by  the  end  of  November  1978  while  planning  la  under¬ 
way  for  a  follow-on  study  to  be  carried  out  during  REFORGER  79. 

3.  Psychological  and  Physiological  Factors  In  Exposure  of 
Life  Threat 


Military  stress  Is  an  expression  that  denotes  a  complex  con¬ 
stellation  of  Interacting  physical  and  psychological  demands 
that  modulate  the  health  and  performance  readiness  of  soldiers. 

In  the  peacetime  Army,  the  constellation  of  demand  Is  virtually 
coterminous  with  that  of  the  civilian  population.  The  notable 
and  non-trlvlal  exceptions  are  those  stressors  arising  out  of 
the  particularities  of  military  functional  organization  and 
social  structure.  In  time  of  war,  preexisting  stressors  are 
Intensified  and,  for  the  combat  arms  particularly,  life  threat 
enters  the  constellation  of  stressors.  The  goal  of  the  present 
pilot  study  is  to  examine  the  Influence  of  life  threat  on  the 
structure  of  behavior,  social  organization  and  psychophyslolo- 
gical  function. 

Ue  define  life  threat  as  a  set  of  environmental  features 
that  are  Inimical  to  the  continuation  of  an  Individual's  life 
and  that  are  so  perceived  by  the  Individual.  Explosions,  flying 
missiles  and  fragments,  fire,  toxic  gases,  altered  structural 
Integrity  of  the  surround,  high  wind  and  water,  the  enemy,  etc. 
are  some  examples  of  life  threat.  All  ate  situations  where  the 
safest  course  of  action  for  an  Individual  would  be  to  remove 
himself  beyond  range  of  threat  stimuli  at  the  earliest  oppor¬ 
tunity.  Yet  certain  occupational  groups  like  soldiers,  fire¬ 
fighters,  policemen,  bomb  disposal  teams  and  rescue  squads  re¬ 
gularly  and  voluntarily  expose  themselves  to  life  threat  in  the 
disciplined  performance  of  duty.  Ve  seek  to  understand  the 
adaptations  to  and  the  psychological  and  physiological  costs  of 
engaging  In  such  activities. 

The  scientific  Investigation  of  life  threat  to  humans  can¬ 
not  be  undertaken  in  the  laboratory  for  obvious  ethical  and  moral 
reasons.  We  can  and  do  study  factors  that  are  often  components 
of  life  threatening  situations  such  as  heavy  performance  task 
load,  fatigue,  information  uncertainty  and  altered  rest/actlvity 
cycles.  In  the  recently  conducted  joint  WRAIR/USARIFM  study  of 
artillery  fire  direction  center  teams,  these  factors  were  combined 
In  a  battle  simulation.  In  each  case,  what  the  investigators  could 
and  would  do  to  research  participants  was  tempered  by  an  overrid¬ 
ing  concern  for  the  participant's  welfare.  Such  studies  yield 


essential  information  concerning  many  aspects  of  the  soldier's 
response  to  the  demand  structure  of  his  environment.  However, 
there  Is  much  Information  they  cannot  supply. 

Men  In  hazardous  occupations  commonly  undergo  extensive  and 
Intensive  training  under  conditions  that  are  carefully  controlled 
approximations  to  the  ultimate  occupational  reality.  Army  field 
maneuvers  are  an  example  of  this.  Such  maneuvers  provide  fertile 
ground  for  testing  and  extending  what  has  been  learned  In  the 
laboratory.  Conversely,  field  observations  and  measurements  can 
provide  useful  leads  for  laboratory  Investigation.  They  also  open 
the  first  realistic  opportunity  for  Investigating  life  threat. 

Such  training  exercises  are  characterized  by  a  heightened  proba¬ 
bility  of  accident  and  mishap  that  may  lead  to  Inadvertent  expo¬ 
sure  to  life  threat.  However,  accident  and  mishap  are,  by  defini¬ 
tion,  unpredictable.  Therefore,  their  Investigation  Is  neces¬ 
sarily  retrospective  in  nature. 

The  prospective  study  of  life  threat  requires  the  longitud¬ 
inal  investigation  of  groups  for  whom  life  threat  Is  an  occupa¬ 
tional  reality.  Investigations  of  this  type  are  subject  to  ethical 
restrictions  that  differ  from  those  of  the  laboratory.  For  example, 
the  rate  of  exposure  to,  or  the  intensity  of  life  threat  should  In 
no  way  be  Influenced  by  the  presence  or  absence  of  investigators. 

The  research  participants  must  be  motivated  and  controlled  by 
occupational  concerns  that  are  independent  of  and  transcend  their 
expectations  of  what  investigators  may  or  may  not  want. 

While  Investigators  need  free  access  to  grciips  under  study, 
that  access  should  not  Interfere  unduly  with  normal  functioning. 

In  particular,  situations  should  be  avoided  where,  in  the  face  of 
life  threat,  the  group  under  study  must  divert  a  portion  of  its 
resources  to  keep  the  investigator  cut  of  trouble.  Investigators 
must  either  be  fully  qualified  as  participants  or  be  able  to 
conduct  their  observations  and  measurements  from  a  safe  vantage 
point. 

These  ethical  considerations  interact  with  a  number  of  veiy 
practical  Issues  to  Influence  the  selection  of  an  occupation,  for 
study.  Occupation  mem*ber8  should  be  readily  available  to  inves¬ 
tigators  for  observation  and  ireasurement .  Members  must  be  will¬ 
ing  to  .serve  as  volunteer  participants.  The  wearing  of  physiolo¬ 
gical  m.onitoring  equipment  must  be  practicable.  Baseline  data 
should  be  obtainable.  Threat  exposure  should  be  documentable 
and  of  sufficient  frequency  to  permit  the  collection  of  a  reason¬ 
able  data  base.  The  social  organization  of  the  group  should  be 
analogous  to  that  of  the  military. 

Wlien  all  of  thes«-  factors  arc  consldeied,  firefighting  is 


the  occupation  of  choice  for  preliminary  observational  studies 
of  life  threat.  Firefighters  are  available  In  every  county  and 
political  subdivision.  Fire  departments  are  paramilitary  or¬ 
ganizations  governed  by  extensive  regulations  and  disciplinary 
codes.  As  recruits,  rookie  firefighters  In  the  better  depart¬ 
ments  are  subject  to  rigorous  physical  screening,  extensive 
training  and  continuing  on-the-Job  training.  In  Montgomery 
County,  Maryland,  the  proposed  area  of  study,  women  have  recently 
been  added  to  the  ranks  of  firefighters. 

Firefighting  Is  Inherently  episodic  In  terms  of  the  demands 
It  makes  on  participants.  Periods  of  low  physical  and  psycholo¬ 
gical  demand  are  punctuated  with  episodes  requiring  rapid  mobi¬ 
lization,  deployment  and  exposure  to  potentially  high  physical 
and  psychological  demand.  At  the  time  a  first  alarm  Is  sounded, 
the  Information  available  to  firefighters  Is  sketchy.  Including 
little  more  than  the  location  of  the  fire  and  a  general  descrip¬ 
tion  of  the  structure  and  its  Involvement.  Depending  on  the 
nature  of  the  alarm  one  or  more  companies  make  the  Initial 
response.  The  remaining  companies  go  on  alert  status,  ready  tc 
respond  to  further  alarms  from  the  flreground  or  to  provide 
backup  for  areas  whose  equipment  is  already  deplo>ed. 

The  potential  character  of  any  given  fireground  in  a  modern 
urban/suburban  area  is  diverse.  Structures  range  from  single 
family  dwellings;  shops,  businesses  and  light  Industrial  plants; 
to  high  rise  apartments.  Potential  flregrounds  also  Include 
accident  sites  Involving  cars,  trucks,  trains,  and  planes.  The 
combustion  characteristics  of  the  fireground  are  as  diverse  as 
the  panoply  of  materials  employed  In  the  modern  industrial  state. 
These  materials  bi.rn,  explode,  are  Inherently  toxic  or  produce 
toxic  combustion  products,  and  may  be  corrosive.  The  presence  of 
fire  victims  or  p.  tentlal  victims  on  the  fireground  is  a  priority 
concern. 

Upon  arrival  on  the  fireground  the  officer  in  charge  must 
assess  these  factors  rapidly  and  develop  his  tactics  accordingly. 
The  evolution  of  a  fire  can  be  extremely  rapid  and  minutes  lost 
may  dramatically  Increase  the  degree  of  structural  invclvement 
of  the  fire.  One  important  early  decision  Involves  a  determina¬ 
tion  of  the  need  to  sound  a  second  alarm  to  obtain  reinforcements. 
Concurrently  wltli  this  information  processing  and  decision  m.aking, 
the  crew  is  deploying  equipment  and  beginning  the  fire  combat. 
Deployment  of  equipment  begins  a  period  of  heavy  physical  demand 
that  will  continue  throughout  the  period  of  fire  suppression  end 
extinguishment,  overhaul,  and  cleanup.  The  firefighters'  over¬ 
coat,  overalls,  boots,  hat  and  breathing  apparatus  weigh  an 
aggregate  50  pounds.  Wat er-cliarged  fire  hose  is  heavy  and  diffi¬ 
cult  to  maneuver.  Heat  buildup  under  the  protective  ciothing  is 
rapid. 


While  the  principles,  strategies  and  tactics  of  firefighting 
are  well  known  to  experienced  crews,  translation  Into  practice  Is 
heavily  dependent  upon  the  evolution  of  the  Individual  fire.  A 
high  premium  Is  placed  on  the  ability  of  adapt  one's  behavior 
quickly  and  appropriately  to  rapidly  changing  circumstances. 
Communication  on  the  flreground  may  be  extremely  difficult;  visi¬ 
bility  Is  often  limited  and  high  noise  levels  often  prevail. 

Pairs  of  firefighters,  or  by  error  or  mischance.  Individual 
firefighters,  may  be  Isolated  from  the  rest  of  the  crew.  In  such 
Instances,  Individual  discipline,  skill  and  initiative  assume  an 
Important  role  in  determining  survival. 

In  this  brief  int •eduction  we  have  sketched  out  some  of  the 
salient  features  of  tne  firefighters'  task  and  environment.  The 
reader  who  is  familiar  with  military  combat  vd.ll  recognize  the 
analogous  nature  of  the  two  undertakings.  It  Is  no  accident 
that  the  language  of  firefighting  is  the  language  of  battle. 

These  parallels  are  the  source  of  our  fundamental  hypothesis, 
l.e.,  by  studying  firefighters,  we  can  learn  things  about  mili¬ 
tary  stress  that  will  not  be  manifest  in  our  laboratory  or  field 
training  studies.  We  have  undertaken  two  intersecting  lines  of 
investigation  to  examine  the  validity  of  this  hypothesis:  a) 
a  psychophyslological  study  of  the  patterns  of  cardiac  and  motor 
activity  rhythms  exhibited  by  firefighters;  and  b)  a  psychosocial 
study  of  the  cognitive,  social,  cultural  and  linguistic  factors 
that  mediate  their  stress  responses. 

It  is  well  accepted  that  the  classical  physiological 
stress  response  Is  mediated  by  psychological,  social,  cul¬ 
tural  and  linguistic  factors.  Individuals,  In  and  of  them¬ 
selves  and  as  representatives  and  members  of  groups,  per¬ 
ceive,  order  and  respond  differentially  to  the  spectrum  of 
internal  and  external  stimuli  that  are  normatlvely  accounted 
against  the  cultural  set  "stressful".  Thus,  within  the 
taxonomic  or  "emic"  ordering  of  relationships,  equivalent 
stimuli  or  the  same  stimulus  In  differing  sociocultural  con¬ 
tents  might  be  responded  to  in  a  variety  of  ways,  e.g., 
"stressful",  "exciting",  "exhaltlng",  "ordinary",  etc. 

It  has  been  hypothecated  that  Individuals  and  groups 
engaged  In  hazardous  occupations,  e.g.,  soldiers,  fire¬ 
fighters,  policemen,  and  medical  personnel,  develop  mechan¬ 
isms  that  modify  their  responses  to  normatlvely  stressful 
stimuli.  These  mechanisms  might  Include  selective  inatten¬ 
tion  to  certain  classes  of  environmental  stimuli  that  would 
normally  be  expected  to  elicit  stress  responses.  In  a  more 
complex  manner,  culturally  defined  threatening  and  stress 
evoking  stimuli  may  be  subject  to  patterns  of  transformation 
Into  less  threatening  or  stress  evoking  metaphoric  represen¬ 
tations  of  reality. 


The  analysis  of  physiological  response  patterns  to  stress 
should  be  correlated  with  the  cognitive  and  symbolic  mechan¬ 
isms  which  chain  and  mediate  them.  A  reliance  on  normative 
stressor  models  is  Inadequate  and  Incomplete.  The  present 
state  of  the  art  of  analyzing  folk  taxonomic  and  cognitive 
(or  emic)  systems  dictates  the  use  of  qualitative  and  des¬ 
criptive  studies.  These  studies  will  attempt  to  determine 
and  define  both  the  patterns  of  taxonomic  sorting  and  some 
measure  of  the  weight,  value,  and  available  responses  to 
environmental  stimuli  that  are  used  by  Individual  fire¬ 
fighters  and  their  groups. 

The  fundamental  questions  being  asked  are: 

1.  What  situations  are  perceived  as  legitimately  stress 
evoking,  within  the  language  and  consensual  occupa¬ 
tional  values  of  the  group? 

2.  Are  there  sct.antlc  fields  surrounding  such  situations 
that  are  commonly  assented  to  and  that  Impart  2<gltl- 
macy  to  a  range  of  responses  to  a  range  of  stimuli  that 
are  subsumed  under  one  representative  class? 

3.  To  what  extent  are  cultural,  linguistic  and  behavioral 
norms  In  both  perception  and  response  enforced  by  the 
group? 

A.  Wov  much  variation  that  Is  predicated  on  the  singular 
life  history  of  an  individual  Is  allowed  for  differen¬ 
tial  perceptions  of  events  and  responses? 

5.  Are  there'  consistent  group  norms  for  me-taphorlr  trans¬ 
formation  of  events  and  responses?  That  Is,  are  there 
group  sanctioned  explanations  of  stimuli  and  responses 
an  individual  can  make  to  liimself  that  make  them  lets 
threatening  than  they  would  normatlvely  appear  to  be? 

6.  Are  there  consistent  norms  for  regularized  inattention 
to  events  and  stimuli  of  high  threat  value? 

7.  When  reconstructing  high  Intensity  and  presiunptlvely 
threatening  events  like  a  miajor  fire  or  critical 
rescue,  how  much  consensua  exists  within  the  group 
both  In  terms  of  description  of  the  event  and  of  their 
own  and  others'  responses? 


8.  What  are  the  differential  roles  played  in  response  to 
stress  by  the  singular  life  histories  of  Individuals, 
and  the  social  bonds  and  common  culture  of  the 
occupational  group? 

9.  Are  stress  reponses  that  are  not  played  out  within  the 
group  discharged  In  alternative  environments,  among 
family,  friends,  etc.?  Are  stress  responses  that 
arise  externally  discharged  within  the  work  group? 

In  either  case,  are  such  displacements  regularized  or 
Idiosyncratic? 

A  local  fire  department  has  been  selected  for  study  and  all 
necessary  arrangements  have  been  made.  The  principal  investiga¬ 
tors  have  begun  the  process  of  establishing  themselves  with  the 
firefighters  and  their  officers.  Interviews  and  physiological 
data  collection  are  underway.  The  pace  of  this  study  is  driven 
by  events  as  they  occur  in  the  fire  department.  Emergency  medi¬ 
cal  assistance  and  rescue  operations  occur  regularly.  Fires  are 
less  frequent.  It  is  estimated  that  six  to  eight  months  of 
effort  will  be  required  before  a  sufficient  data  base  is  estab¬ 
lished. 

4.  Rest/Activlty  Monitoring:  The  Actigraph 

The  Actigraph  is  a  wrist-mounted  motion  detection  and  data 
storage  device  that  is  finding  increasing  application  to  rest/ 
activity  patterns  in  both  laboratory  and  field  settings.  As 
mentioned  elsewhere  in  this  report,  electrographic  (EEG)  deter¬ 
mination  of  sleep/wake  cycles  in  field  settings  presents 
formidable  technical  difficulties.  Even  if  good  quality  record¬ 
ings  can  be  obtained,  the  costs  of  data  reduction  and  analysis 
are  high.  Finally,  the  required  apparatus  and  associated  elec¬ 
trodes  are  unacceptable  in  the  field  environment.  Sleep  logs 
require  a  degree  of  participation  on  the  part  of  respondees 
that  Is  difficult  to  acquire  and  maintain,  especially  in  cases 
where  mission  demands  create  effective  distractions.  Therefore, 
we  have  invested  developmental  effort  in  a  "wear  and  forget" 
unit,  the  Actigraph,  that  will  have  minimal  impact  on  the  sol¬ 
dier,  that  will  provide  interpretable  data  with  respect  to  rest/ 
activity  patterns,  and  that  will  survive  the  rigors  of  the  field 
environment. 

We  have  constructed  fifty  (50)  Mark  I  Actigraphs  following 
modified  plans  for  a  device  developed  by  National  Institutes  of 
Health  engineering  personnel.  Our  modifications  had  the  effects 
of  increasing  battery  life  and  adapting  the  device  from  ward  to 
field  use.  The  Mark  I  Actigraph  is  capable  of  storing  256  data 
words  collected  periodically  over  a  63-hour  unattended  period. 
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These  units  have  been  deployed  In  an  In-house  laboratory  study 
(described  elsewhere  in  this  report),  in  the  study  of  fire¬ 
fighters  (described  in  the  last  section),  and  a  collaboration 
with  a  USAMRDC  contractor  who  Is  studying  napping  behavior. 

Concurrently  with  the  construction  and  deployment  of  the 
Mark  I  Actlgraph,  the  Initial  development  of  the  Mark  II  unit 
has  been  completed.  Near  the  end  of  the  reporting  period,  an 
agreement  was  reached  with  the  Harry  Diamond  Laboratory  to  pro¬ 
duce  a  hybridized  prototype  unit  by  January  1979  and  to  complete 
a  production  run  of  fifty  (50)  units  by  May  1979.  The  Mark  II 
takes  advantage  of  advances  In  electronic  technology  to  Increase 
storage  capacity  to  1024  data  words  and  to  increase  the  range  of 
movement  counts  that  can  be  stored.  These  modifications  will 
permit  a  week  of  unattended  recording  and  Increase  the  recording 
sensitivity  of  nocturnal  movements.  In  addition,  the  Mark  II 
will  be  hermltically  sealed  and  ruggedized  to  withstand  the  rigors 
of  field  deployment. 

5.  Multiple  Complex  Demodulation 

Work  was  completed  this  year  on  the  development  of  a  quan¬ 
titative  method  for  the  analysis  of  non-stationary  biological 
time  series.  Biological  time  series  have  a  complex  periodic 
structure,  i.e.,  the  raw  data  can  be  decomposed  into  a  set  of 
waveforms  differing  in  frequency,  amplitude  and  phase.  Some  of 
these  waveforms  represent  biological  rhythmiclties  that  charac¬ 
terize  the  functioning  of  the  organism.  Other  waveforms  are 
related  to  the  waveshape  of  the  biological  rhythms.  A  third 
set  of  waveform  components  are  regarded  as  representing  a  random 
noise  component  whose  source  may  be  the  organism  itself  and/or 
the  measurement  system  employed  to  obtain  the  time  series. 

In  our  view,  a  biological  time  series  m.ust  be  viewed  as  a 
dynamic  rather  than  a  static  process.  It  is  hypothesized  that 
the  essential  features  of  the  time  series  will  vary  as  an  orderly 
function  of  changes  in  the  state  of  the  organism  that  are  pro¬ 
duced  both  endogenously  and  exogenously.  The  main  requirements 
for  the  quantitative  analysis  of  such  non-stationary  time  series 
are  that: 


a.  Biologically  significant  wavefern  components  can 
be  identified. 

b.  Changes  In  these  components  can  be  detected, 
quantified,  and  related,  where  appropriate, 
to  environmental  events. 
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c.  Statements  relating  to  the  statistical  signifi¬ 
cance  of  Identified  components  can  be  made. 

Multiple  Complex  Demodulation  (MCD)  meets  these  require¬ 
ments.  It  Is  accomplished  by  synthesizing  a  series  of  narrow 
digital  bandpass  filters  that  span  the  frequency  domain  of  In¬ 
terest.  In  present  usage,  this  domain  extends  from  1  to  36 
cycles  per  day  (CPD)  In  1  cycle  steps.  An  objective  amplitude 
criterion  is  applied  to  the  output  of  each  filter  and  those 
frequencies  whose  amplitudes  meet  the  criterion  are  selected 
for  further  analysis.  The  selected  filter  outputs  are  then 
combined  by  linear  addition  Into  six  waveforms  that  characterize 
activity  In  those  frequency  bands.  Finally,  the  bands  themselves 
are  successively  combined  by  linear  addition  to  develop  an  In¬ 
creasingly  complex  model  of  the  original  raw  data  set.  At  each 
step  In  the  process,  statistics  related  to  the  proportion  of 
accounted  variance  are  computed.  The  timing  and  amplitude  of 
peaks  and  troughs  In  each  waveform  are  also  extracted. 

This  process  Is  illustrated  In  Figures  and  The  top 
line  In  Figure  lb,  labelled  Raw  Data,  Is  a  2.5  day  Actlgraph  ac¬ 
tivity  record  from  a  single  human  subject.  These  data  have  not 
been  smoothed  cr  manipulated  in  any  way.  Periods  of  low  activity 
related  to  sleep  are  readily  Identified.  It  is  also  apparent 
that  activity  occurs  in  a  pulsatile  fashion  during  the  waking 
hours. 

Figure  la  shows  the  waveforriS  of  each  of  the  six  frequency 
bands  that  were  discussed  earlier.  Except  for  the  circadian 
(ICPD)  and  the  ultradlan  (12-20  CPD)  bands,  the  number  of  bands 
and  their  boundaries  were  arrived  at  pragmatically.  The  very 
high  band  (30-36  CPD)  accounted  for  3.8%  of  the  total  variance 
of  the  raw  data.  The  subultradian  band  (6-11  CPD)  accounted  for 
24.4%  of  the  total  variance.  Within  these  extremes,  the  other 
four  bands  accounted  for  between  12%  and  20%  of  the  total  vari¬ 
ance.  The  three  clrdadlan  minima,  estimated  by  the  MCD  procedure 
occurred  at  0400,  0345,  and  0300.  The  period  between  the  first 
and  second  minimum  was  1425  minutes  and  between  the  second  are 
third  minimum  1395  minutes.  These  data  indicate  that  this  par¬ 
ticular  subject  was  undergoing  a  circadian  phase  shift  during 
the  period  of  observation. 

The  foregoing  is  presented  as  Illustrative  cf  the  capacity 
of  the  MCD  analysis  to  provide  information  about  slgnificart 
biological  rhythmlcltles.  Figure  lb  deals  with  the  Issue  of  how 
well  the  MCD  analyc^s  models  the  raw  data.  The  bottom  v;aveform 
in  Figure  lb  Is  the  sum  of  the  bottoBi  two  waveforms  in  Figure  la. 
The  second  \;r.veform  up  In  Figure  lb  is  tie  sum  cf  the  first  three 
in  Figure  la,  and  so  on.  As  Figure  lb  examined  by  scanning 
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Figure  la  and  K  Output  of  multiple  Complex  Demodulation  analysis 
of  activTty  time  series  from  single  human  subject,  la  represents 
filtered  waveforms  in  six  bands  convering  1  to  36  cycles  per  day. 
lb  represents  the  successive  linear  combination  of  the  six  band 
waveforms  and  the  raw  time  series. 
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upwards  from  the  bottom  waveform  It  Is  apparent  that  the  basic 
periodicities  observable  in  the  raw  data  are  established  in  the 
first  three  summations.  The  mean  period  length  in  the  ultra- 
dlan  band  is  94.1  minutes  (S.D.  ■  15.4  minutes),  a  value  that 
agrees  well  with  other  reports  in  the  literature. 

At  this  writing,  it  appears  that  the  contributions  of  the 
high,  subultradian  and  superultradian  bands  are  to  the  wave 
shape  of  the  ultradlan  biological  rhythms  has  not  been  exten¬ 
sively  dealt  with  by  investigators  in  the  field  of  chronoblology. 
The  most  common  theoretical  assumption  made  is  that  the  wave¬ 
shape  of  a  rhythm  Is  sinusoidal.  While  this  assumption  may  pro¬ 
vide  computational  convenience,  it  may  also  blind  us  to  important 
information.  There  are  no  a  priori  reasons  why  different  chrono- 
blologlcally  organized  systems  need  have  the  same  waveshape  or 
why  the  same  system  need  have  the  same  waveshape  across  time. 

MCD  analysis  provides  a  tool  for  investigating  these  questions 
and  opens  new  avenues  of  approach  to  the  role  of  biological 
rhythms  in  health  and  disease. 
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23.  (U)  Investigations  will  st-rk  lo  describe  the  means  by  whicli  the  nervous  system 
effects  bodily  responses  to  stress  and  injury,  and  to  discern  those  combinations  of 
physiologic  parameters  which  collettively  define  the  optimal  conditii'ns  for  effective 
military  performance. 

24.  (U)  Animal  models  of  performance  will  be  created  using  the  techniques  of  operant 
and  respondent  conditioning  and  the  role  of  Internal  factors  in  performance  variability 
assessed  by  neurophysiologic  recording  of  intracellular  and  extracellular  bioelectric 
potentials;  the  descriptive  .and  ex[)er imental  neuroanatomical  techniques  of  light  and 
electron  microscopy  and  histochemistry;  stimulation  or  lesionii'g  of  discrete  brain 
areas;  and  experimental  modifications  of  hormonal  status  by  ablation  aud/or  admin i stra- 
tlf)n  of  exogenous  hormones  or  other  <lrugs. 
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09  Activities  included:  demonstration  that  subjects  required  to 
ght  work  at  slower  rates  hut  without  loss  of  accuracy  compared  to 
on  that  '.uhlccts  in  around-the-clock  learning  situations  show 
gness  to  work,  subject  to  externally  imposed  conditions.  Descrip- 
s  deviseil  by  organisms  to  allow  skill(‘d  movements  following  brain 
tly  abolishes  sj-nsory  input  from  the  moving  limb.  Demonstration 
neurons  involved  in  control  of  skilled  movement  and  skin  sensation 
ity  to  function  in  face  of  noxious  stimuli.  Del  in  ation  of  anatom 
arac ter  i St  M  S  of  spinal  cord  neurons  Involved  with  cardiovascular 
( al  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
l  77  -  if)  Sep  78. 


Project  3M161102BS01  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 
Work  Unit  127  Biological  modulation  of  military  performance 

Investigators: 

Principal;  Tyner,  LTC  C.F. 

Associate:  Hursh,  CPT  S.R.,  Manning,  CPT  F.J.,  Petras,  J.  M.  Ph.D., 
Wylie,  R.M.  Ph.D.,  Elsmore,  T.F.  Ph.D.,  and 
Miller,  M.G.  Ph.D. 

Description. 

Work  within  this  unit  directs  the  technologies  of  multiple  disciplines 
toward  the  analysis  of  biological  modulation  of  military  performance. 

The  interaction  of  biology  and  behavior  can  be  conceptualized  on  many 
levels.  At  one  extreme  is  the  manner  in  which  the  biological  endowment 
of  the  normal  individual  controls  behavioral  adjustment  to  the  military 
environment.  Triis  endowment  may  include  how  behavior  is  organized,  how 
it  is  motivated,  how  it  adapts  to  changes  in  environmental  conditions, 
and  how  it  may  in  fact  alter  the  basic  biological  constituents  of  the 
individual.  As  a  military  medical  research  endeavor  we  are  not  only 
concerned  with  optimizing  behavioral  functioning  but  are  also  concerned 
with  various  so-called  disorders  of  behavioral  processes  generated  by  a 
military  environment;  that  is,  why  behavior  becomes  disorganized, 
unmotivated,  or  maladaptive.  We  tend  to  expect  these  disorders  under 
conditions  which  appear  stressful,  noxious,  complex,  and  demanding, 
conditions  which  for  a  variety  of  reasons  are  identified  with  military 
combat  situations  involving  coping  with  life-threatening  environmental 
circumstances,  continuous  or  unusual  scheduling  of  activities,  and 
complex  or  conflicting  task  requirements.  The  first  three  specific 
activities  described  below  address  questions  of  how  the  normal  biologi¬ 
cal  endowment  predisposes  an  organism  to  various  forms  of  behavioral 
variations  and  breakdown  when  exposed  to  demanding  or  noxious  environ¬ 
ments. 

At  the  other  extreme  are  considerations  how  alteration  of  the 
biological  environment  of  the  individual  influences  the  normal  structure 
and  function  of  behavior.  In  this  case  we  are  concerned  with  the  po¬ 
tential  traumatic  direct  effects  of  a  military  environment  on  the 
nervous  system  and  how  that  may  in  term  disorder  the  behavior  of  the  in¬ 
dividual.  For  example,  how  the  loss  of  normal  limb  afferents  would  alter 
motor  functioning.  Behavioral  adjustment  in  this  case  is  modulated  direct¬ 
ly  by  changes  in  the  biological  endowment  and  indirectly  by  the  traumatic 
effects  of  a  military  situation.  The  last  three  activities  described 
below  address  questions  of  how  disruptions  of  the  biological  endowment 
may  generate  behavioral  changes  and  what  neural  systems  are  Important 
in  mediating  these  disorders. 

BIOLOGICAL  RHYTHMS  AJ^  THE  MODULAJION  OF  BASIC  BEHAVIORAL  PROCESSES. 

The  experiments  covered  in  this  section  deal  with  orderly  periodic 
fluctuations  in  behavior  (i.e.,  behavioral  rhythms).  Recent  technological 


developments  have  increased  the  likelihood  that  military  operations  in 
conventional  wars  will  involve  essentially  continuous  round-the-clock 
operation,  or  operations  at  unusual  times  of  the  day.  While  It  Is  well 
established  that  performance  under  such  conditions  will  be  subject  to 
rhythmic  fluctuations  (circadian  and  ultradian  rhythms),  little  Is  known 
of  variables  affecting  such  rhythmic  processes,  and  little  is  known  of 
dependent  variables  or  behavioral  processes  most  likely  to  show  such 
variations. 

What  literature  does  exist  on  behavioral  rhythms  deals  almost 
totally  with  behavioral  output,  or  the  rates  at  which  behavior  is 
emitted.  The  studies  to  be  dealt  with  in  this  report  are  an  attempt  to 
Investigate  rhythms  in  aspects  of  behavior  that  are  orthogonal  to  rate, 
such  as  the  quality  or  accuracy  of  a  performance.  The  following  ques¬ 
tions  are  of  particular  interest:  1)  what  types  of  behavior  will  show 
qualitative  behavioral  rhythms?  2)  what  variables  are  effective  in 
modulating  behavioral  rhythms?  and  3)  what  are  the  relationships  (phase, 
amplitude,  modifiability)  between  quantitative  and  qualitative  aspects 
of  behavioral  rhythms?  The  question  of  the  nature  of  the  control  of  the 
rhythms,  either  by  an  endogenous  biological  clock  or  by  exogenous  en¬ 
training  stimuli  is  not  of  particular  concern  to  these  studies,  since 
it  is  assumed  that  the  military  operations  to  which  the  results  of  these 
studies  may  be  applied  would  be  carried  on  in  environments  containing 
powerful  external  entraining  stimuli  (e.g.,  day/night  cycles).  The 
fundamental  strategy  in  all  the  experiments  to  be  reported  is  to  train 
animals  to  perform  a  task,  then  to  test  their  ability  to  do  so  at 
various  times  of  the  day  and  night.  All  the  experiments  were  conducted 
with  primates,  usually  rhesus  monkeys,  as  subjects. 

Interoceptive  stimulus  control.  When  a  behavioral  response  is  more 
likely  in  the  presence  of  one  stimulus  than  in  the  presence  of  others, 
it  is  said  that  stimulus  control  has  been  established.  The  stimuli  may 
be  either  exteroceptive,  (e.g.,  a  light  or  a  sound)  or  interoceptive, 
(e.g.,  a  visceral  stimulus  or  a  state  of  deprivation).  It  has  been 
suggested  that  behavior  controlled  by  interoceptive  stimuli  is  more 
subject  to  disruption  by  a  variety  of  pharmacological  and  toxic  agents, 
as  well  as  other  environmental  perturbations.  Time-of-day  effects  on 
behavior  might  therefore  be  more  profound  when  the  behavior  is  under 
interoceptive  stimulus  control  than  when  it  is  externally  controlled. 

The  present  experiment  established  conditions  for  behavior  to  be  inter- 
oceptively  controlled.  Four  monkeys  lived  in  experimental  cages  contain¬ 
ing  two  keys.  In  order  to  get  food,  the  monkeys  completed  at  least 
10  but  not  more  than  15  presses  on  the  first  key  (key  A)  before  responding 
on  the  second  key  (key  B).  Switching  to  key  B  either  too  early  or  too 
late  resulted  in  a  30  second  period  of  time  (timeout)  in  which  food  was 
unavailable.  The  stimulus  for  switching,  therefore,  was  the  completion 
of  the  required  number  of  responses  with  no  external  cue  provided.  The 
behavior  of  switching  therefore,  must  necessarily  be  under  control  of 
some  interoceptive  cue.  To  increase  the  likelihood  that  the  internal  cue 
was  the  number  of  responses  completed  rather  than  the  amount  of  time  spent 
responding,  a  required  delay  was  imposed  between  successive  responses  on 
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key  A.  Each  time  the  animal  pressed  key  A,  both  keys  turned  red  for  a 
period  ranging  from  0.1  sec  to  0.9  sec.  Pressing  either  key  during  the 
delay  resulted  in  a  timeout.  For  any  given  run  of  key  A  responses,  the 
delay  remained  the  same. 

The  results  of  this  experiment  may  be  analyzed  in  several  ways,  the 
most  promising  of  which  is  signal  detection  theory,  which  allows  separa¬ 
tion  of  the  organism's  sensitivity  to  the  stimulus  dimension  controlling 
behavior  from  factors  affecting  the  bias  for  alternative  responses.  Data 
thus  far  indicate  that  a  circadian  rhythm  exists  that  is  evident  in  some 
but  not  all  aspects  of  their  performance.  First,  there  is  an  overall 
tendency  to  perform  more  quickly  at  certain  times  of  the  day,  a  quanti¬ 
tative  rhythm.  Second  and  more  importantly,  there  is  a  clear  rhythmicity 
in  the  production  of  errors  (switching  too  soon)  evident  when  the  imposed 
delay  between  counting  responses  is  long,  the  most  difficult  task;  and 
the  most  errors  occur  when  the  subjects  are  most  activel  As  a  result, 
the  percent  correct  with  long  delays  was  lowest  during  the  active  phase 
of  the  rhythm.  This  counter-intuitive  result  is  more  understandable 
within  a  signal  detection  account  of  the  performance.  First,  most  of 
the  variance  in  performance  resulted  from  shifts  in  the  subjects'  bias 
toward  switching  and  not  from  shifts  in  the  overall  sensitivity  of  the 
subjects  to  the  correct  count;  their  "ability"  to  count  seems  stable. 

When  the  subjects  were  most  active,  they  were  also  most  anxious  to  press 
the  switching  key  and  receive  their  food.  Although  the  peak  of  the 
switching  distribution  remained  within  the  reinforced  range  of  counts, 
the  lower  tail  moved  more  into  the  non-reinforced  range.  Increasing 
errors.  Second,  this  effect  was  most  evident  when  the  imposed  delay 
between  counts  was  longest,  the  trials  when  overall  errors  were  greatest 
and  when  the  bias  toward  switching  was  strongest  to  begin  with.  This 
shift  in  bias  toward  switching  was  not  a  simple  consequence  of  activation. 
For  example,  one  subject  had  his  shortest  latencies  at  0600  hours  but  had 
maximal  shift  in  switching  bias  at  1400  hours.  Also,  inappropriate 
responding  between  trials  was  maximal  at  0200  hours  when  the  switching 
bias  was  lowest.  Thus,  while  several  aspects  of  performance  were  rhythmic, 
it  is  best  described  as  a  variation  in  the  qualitative  composition  of 
performance  rather  than  in  the  quantitative  output  of  behavior. 

Analysis  of  individual  data  indicated  that  the  phase  of  the  circadian 
rhythm,  i .e,  the  time  of  day  with  greatest  activity  or  maximal  switching 
bias,  was  not  the  same  for  all  subjects.  One  subject  peaked  at  1400  hours 
and  two  peaked  at  2200  or  0200  hours.  One  subject  showed  a  unique  pattern 
of  terminating  trials  with  long  inter-count  delays,  not  by  switching  early, 
but  by  pressing  the  key  during  the  delay.  For  him,  the  rhythmicity  in 
performance  was  manifested  in  a  shift  in  bias  toward  premature  counting 
responses,  rather  than  premature  switching  responses.  These  differences 
between  individuals  requires  separate  analysis  of  each  subjects'  behavior. 

Microanalysis  of  fixed-ratio  performance.  Two  monkeys  were  studied 
on  sirn^e  schedules  in  which  one  food  pellet  was  provided  for  every  50  key 
presses  (FR  50).  Sessions  were  conducted  at  various  times  of  the  day. 
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Extremely  fined-grained  data  collection  procedures  were  used  in  order  to 
enable  a  detailed  analysis  of  performance  changes  as  a  function  of  time 
of  the  day  under  these  simple  conditions.  As  in  the  previous,  more  com¬ 
plicated  counting  task,  not  all  aspects  of  this  performance  were  rhythmic. 
The  most  obvious  rhythm  was  found  in  the  spacing  of  responses.  During 
the  most  active  times  of  the  day,  responses  were  more  closely  spaced 
early  in  each  50  response  run.  Spacing  later  in  the  run  was  much  less 
rhythmic  being  rather  closely  timed  at  all  hours  of  the  day.  Secondarily, 
it  was  found  that  the  latency  to  start  a  run  was  also  somewhat  rhythmic. 

Acquisition  of  new  behavior.  A  third  task  has  been  developed  which 
requires  the  subject  to  press  three  keys  in  a  predetermined  sequence  of 
four  responses.  For  example,  food  may  follow  a  sequence  of  presses  such 
as  key  1,  key  2,  key  3,  key  1.  The  correct  sequence  is  changed  at  the 
start  of  each  session  so  that  the  acquisition  of  the  solution  can  be 
studied  repeatedly.  During  the  early  part  of  each  session  the  subjects 
typically  attempt  a  variety  of  different  solutions.  Any  correct  re¬ 
sponse  -  such  as  key  1  in  the  last  position  of  the  example  above  -  is 
signalled  as  correct  regardless  of  the  accuracy  of  the  other  three  re¬ 
sponses,  but  food  only  follows  entirely  correct  sequences.  The  subjects 
achieve  a  high  level  of  accuracy  requiring  twenty  to  forty  attempts  before 
solving  the  sequence  problem  consistently.  A  computer  system  of  control 
and  recording  permits  automatic  programming  of  new  problems  without 
experimenter  intervention  and  automatically  records  the  details  of  each 
acquisition  process.  For  this  study,  two  sessions  were  conducted  each 
day,  with  a  new  solution  required  in  each  session.  The  time  of  each 
session  was  randomly  selected  from  six  possible  hours  around-the-clock. 
When  first  placed  on  this  procedure  of  rotating  sessions,  after  consistent 
training  at  1000  hours,  response  speed  and  solution  accuracy  was  found 
to  be  more  or  less  rhythmic  in  all  four  subjects,  with  peak  efficiency 
occurring  at  1000  hours.  After  three  weeks  of  experience  with  this 
routine,  the  rhythm  in  responsiveness  persisted  but  the  rhythm  in 
efficiency  nearly  vanished.  Since  the  total  daily  ration  of  150  pellets 
required  accurate  solution  of  both  problems  no  matter  what  the  hour, 
it  was  reasoned  that  providing  a  surplus  of  pellets  would  increase  the 
likelihood  of  a  rhythm  in  efficiency.  Over  the  course  of  several  months, 
the  ration  of  food  available  in  each  session  was  increased  in  steps  of 
20%  from  75  pellets  to  156  pellets.  The  rhythm  in  responsiveness  (speed) 
tended  to  increase  but  the  accuracy  of  reaching  solutions  did  not  become 
more  rhythmic.  With  312  pellets  available  per  day  the  subjects  continued 
to  eat  nearly  all  the  food.  It  was  then  reasoned  that  the  random  timing 
of  sessions  may  be  operating  to  reduce  rhythmicity;  the  animals  worked 
efficiently  because  they  could  not  predict  the  time  of  their  next  meal. 

The  312  pellet  daily  ration  was  divided  into  52  pellet  portions  avail¬ 
able  during  six  regularly  scheduled  sessions  around-the-clock,  each 
requiring  the  solution  of  a  new  problem.  Now  six  predictable  meals  were 
available.  The  daily  rhythm  of  activity  was  greatly  increased,  with 
sessions  at  2200  or  0200  hours  often  passed  over.  When  the  animals 
performed,  accuracy  was  no  longer  uniformly  high.  There  is  evidence  of 
a  correlation  between  low  response  rate  and  reduced  accuracy,  and  by 
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implication,  a  rhythm  in  accuracy  of  solving  problems.  This  condition 
is  still  being  studied.  The  subjects  are  becoming  obese  on  this  rich 
schedule  of  food  and  will  very  shortly  have  to  be  shifted  to  a  leaner 
diet.  As  the  diet  is  reduced,  the  amplitude  of  behavioral  rhythmicity 
should  decline. 

Delayed  stimulus  control.  Complexity  of  behavioral  procedures  also 
increases  their  sensitivity  to  disruption  by  a  variety  of  influences. 
Situations  which  impose  a  delay  between  a  signal  and  the  opportunity  to 
emit  one  of  two  responses  based  on  the  nature  of  that  signal  are  par¬ 
ticularly  difficult  and  sensitive  to  disruption.  The  four  monkeys  in 
this  experiment  are  required  to  respond  to  terminate  a  train  of  tone 
pulses  in  which  the  tones  are  either  shorter  or  longer  than  0.6  sec. 
Following  a  delay  period  ranging  from  1  to  9  sec,  the  animal  has  an 
opportunity  to  respond  indicating  whether  the  tones  in  the  preceeding 
pulse  train  were  long  or  short.  Correct  choices  are  followed  by  food, 
and  Incorrect  choices,  or  responses  during  the  delay  period  are  followed 
by  a  timeout.  Two  of  the  four  subjects  in  this  study  have  completed  a 
thorough  evaluation  with  one  session  a  day  scheduled  at  one  of  six 
possible  times-of-day.  The  data  have  not  as  yet  been  thoroughly  analysed, 
but  behavior  with  one  session  a  day  and  only  100  pellets  available  appears 
to  have  no  rhythm,  either  in  inclination  to  work  or  accuracy. 

The  several  studies  described  above  thus  show  that  certain  critical 
aspects  of  problem-solving  --  such  as  willingness  to  work,  rate  of  task 
performance,  and  the  tendency  to  commit  errors  —  can  vary  cyclically 
over  time.  They  further  show  that  variability  is  not  necessarily  present 
in  all  aspects  of  task  performance,  nor  are  the  "high"  and  "low"  periods 
identical  for  all  individuals.  These  results  might  be  viewed  as  support¬ 
ing  the  idea  that  certain  complex  military  tasks,  possibly  those  involving 
soldier-machine  interactions,  must  be  performed  in  different  ways  — 
depending  on  time  of  day,  the  individuals  involved,  and  other  factors  -- 
to  achieve  optimum  effectiveness. 

THE  BIOLOGICAL  ECONOMY  CONTROLLJI^  CHOICE  BETWEEN  DIFFERENT  COMMODITIES. 
Economic  factors  strongly’ Influence  the  variability  of  behavior  and  the 
susceptibility  of  continuous  performance  to  biological  rhythm  as  illus¬ 
trated  by  the  results  of  our  study  of  problem  solving  with  various  size 
rations  and  numbers  of, meals  (above).  Experimentation  continues  to 
explore  the  various  fundamental  economic  principles  -  supply  and  demand, 
elasticity,  substitutability,  utility  -  with  individual  subjects  in 
controlled  environments.  The  current  experiment  will  separate  the  effects 
of  supply  (or  resource  density)  from  the  effects  of  price  (or  procurement 
cost).  Technical  difficulties  as  well  as  shifting  emphasis  have  prevented 
this  experiment  from  reaching  completion  during  FY78. 

SENSORIMOTOR  CORTEX:  ACTIVITY  FOLLOWING  NOXIOUS  STIMULATION  TO  VISCERA 
AND  SKIN.  We  continued  during  the  past  year  to  investigate  an  uncommon 
type  of  neuron  which  conveys  the  output  of  sensorimotor  cerebral  cortex 
to  lower  parts  of  the  nervous  system;  these  cells  have  traditionally 
been  viewed  as  playing  a  crucial  role  in  rapid,  precise,  "voluntary" 
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movements,  particularly  those  of  the  hands.  We  have  now  been  able  to 
show  that  these  cells  are  also  selectively  sensitive  to  noxious  stimuli 
delivered  to  the  viscera  and  also  receive  input  from  a  spinal  cord  path¬ 
way  presumed  to  have  a  special  involvement  with  painful  stimuli  delivered 
to  the  skin.  These  neurons  may  be  some  of  the  CNS  loci  at  which  "stress¬ 
ful"  events  act  to  disrupt  skilled  motor  coordination,  and  we  are 
presently  examining  the  pharmacologic  modification  of  their  behavior. 

Additional  work  has  involved  the  application  of  several  multi¬ 
variate  statistical  techniques  to  the  analysis  of  data  on  the  behavior 
of  single  brain  cells;  this  has  been  done  as  part  of  a  program  to 
simplify  and  reduce  greatly  the  volume  of  data  which  must  be  collected 
and  examined  in  order  to  specify  how  a  part  of  the  brain  responds  to  a 
given  stimulus. 

RECOVERY  ^  MOTOR  FUNCTION  AFTER  LIMB.  DEAFFERENTATION  (DORSAL  RHIZOTOMY). 

Surgical  deafferentation  of  a  limb  by  dorsal  rhizotomy  abolishes 
spontaneous  movement  but  by  appropriate  experimental  intervention,  move¬ 
ment  can  be  restored.  We  are  comparing  the  performance  of  normal  and 
unilaterally  deafferented  monkeys  on  a  task  in  which  the  animals  must 
compensate  for  an  external  load  as  they  flex  their  forearms  through  a 
criterion  arc  in  order  to  achieve  reinforcement. 

One  deafferented  monkey  reached  the  end  of  his  experimental  life 
and  was  sacrificed.  Histological  sections  of  his  spinal  cord  have  been 
prepared  and  will  be  reviewed  to  verify  the  completeness  of  the  rhizotomy. 
A  second  deafferented  animal  is  currently  undergoing  testing.  Results 
from  this  animal  have  largely  confirmed  results  obtained  from  the  first 
animal . 

Both  animals  were  initially  trained  with  no  external  load  and  then 
challenged  for  the  first  time  with  a  load  that  was  in  the  middle  of  the 
working  range  previously  established  for  normal  animals  on  this  task. 
Whereas  the  first  deafferented  animal  we  tested  reached  criterion  on  his 
second  lift,  the  second  animal  required  six  attempts  before  he  was  able 
to  move  his  arm  off  the  rest  position  and  obtained  a  reinforcement  only 
after  59  responses.  That  both  animals  were  initially  impaired  supports 
the  intuitive  assumption  that  the  test  load  in  fact  required  a  change 
in  the  neural  signals  controlling  the  muscles. 

Both  animals,  when  tested  over  a  range  of  loads  make  the  long 
latency  corrections  in  the  trajecting  of  the  arm  that  has  proved  to  be 
a  distinctive  difference  between  the  normal  and  deafferented  animals. 

On  the  first  lift  of  an  unknown  load  both  normal  and  deafferented 
animals  achieve  about  the  same  regulation  of  final  position,  but  the 
deafferented  animals  achieve  this  only  by  a  delayed  correction.  The 
Inference  is  that  normal  animals  to  some  extent  utilize  servo  loops 
in  the  execution  of  the  task. 


Muscle  fatigue  has  proved  to  impair  the  performance  of  the  task  by 
deafferented  animals.  Normal  animals  do  not  generate  errors  attributable 
to  muscle  fatigue  but  interrupt  their  responding  at  Intervals.  Both 
deafferented  animals  tend  to  continue  responding  until  the  local  density 
of  reinforcement  drops  to  zero.  The  conditional  probability  that  a 
non-criterion  response  will  be  followed  by  an  Increment  falls  from  the 
start  to  the  end  of  a  run  of  responding.  The  conditional  probability 
that  a  non-criterion  response  will  be  followed  by  a  criterion  response 
falls  still  more  steeply  at  the  end  of  a  run.  When  programmed  and 
signalled  timeouts  are  provided  and  when  response  rates  are  externally 
paced,  the  performance  of  deafferented  animals  Is  more  nearly  stationary 
through  a  session  and  terminating  sequences  of  unreinforced  response 
occur  less  frequently.  These  observations  provide  a  strong  argument  that 
signals  related  to  the  state  of  muscle  fatigue  contribute,  in  normal 
animals,  to  the  avoidance  of  fatigue  states  that  would  Impair  performance. 

STUDIES  ^  AUTONOMIC  ^THWAYS . 

We  continue  to  pursue  studies  of  the  anatomic  pathways  of  the  autonomic 
nervous  system  as  a  base  of  technical  data  for  concurrent  studies  of 
psychosomatic  disease,  autonomic  function  and  evaluation,  and  recovery 
of  function  after  injury.  Significant  progress  has  been  made  in  perfect¬ 
ing  neuron  staining  techniques  for  peripheral  and  spinal  pathways.  As  a 
result  the  following  findings  can  be  reported: 

1.  Output  from  the  spinal  preganglionic  neurons  of  the  sympathetic 
and  parasympathetic  autonomic  nervous  system  seem  to  show  viscerotopic 
organization.  For  example,  parasympathetic  preganglionic  neurons 
innervating  the  bladder  originate  primarily  from  the  ILSp  and  ILSf  nuclei, 
whereas  the  urethra  is  richly  innervated  by  ICd  neurons. 

2.  Using  horseradish  peroxidase  injections  of  intact  and  isolated 
paravertebral  ganglia,  morphologic  and  architectonic  description  of 
preganglionic  sympathetic  neurons  were  made.  A  previously  undescribed 
intraspinal  sympathetic  preganglionic  pathway  (ISPP)  was  found.  Follow¬ 
up  physiologic  studies  revealed  the  precise  localization  of  this  pathway 
within  the  spinal  cord  and  showed  that  it  functions  at  least  in  part  as 
an  ascending  cardiovascular  pathway. 

3.  Physiological  evidence  for  a  cervical  spinal  projection  to  the 
cerebellum  have  been  confirmed  with  detailed  anatomic  studies. 
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23.  (U)  To  examine  neurochemical  mechanisms  regulating  neuroendocrine  responses  in¬ 
volved  in  adaptation  to  stress,  providing  database  for  interpretation  of  military  field 
studies  and  recommendations  for  prevention  and/or  treatment  of  breakdown  in  soldiers. 

To  examine  neurochemical  mechanisms  mediating  lateralization  of  function,  spatial 
abilities  and  recovery  from  cerebral  Injury. 

24.  (U)  Analysis  of  role  of  neurotransmitter  pathways  in  regulation  of  hormonal  res¬ 
ponse  to  stress.  Effect  of  stimulation  or  lesion  of  specific  pathway  (i.e.,  noradrener¬ 
gic  dopaminergic,  serotonergic).  Effect  of  stress  or  centrally-acting  hormones  on 
cyclic  nucleotides  and  neurotransmitters  in  specific  brain  regions.  In-vivo  determina¬ 
tion  permitted  by  use  of  microwave  enzyme  inactivation  system  designed  in  this 
laboratory.  Role  of  dopamine  in  lateralization  of  cerebral  function. 

25.  (U)  77  10  -  78  09  Cold  exposure  produced  a  marked  elevation  in  cerebellar  levels 
of  cyclic  guanosine  monophosphate  (cGMP)  whereas  the  equally  potent  stressor  of  forced 
immobilization  had  no  effect.  Locomotor  activity  also  caused  marked  elevations  in 
cerebellar  cGMP,  and  elevations  in  six  other  brain  regions  out  of  eighteen  studied.  It 
will  be  important  to  examine  the  role  of  locomotor  activity  in  the  neurochemical 
response  to  environmental  stress.  We  have  used  a  technique  developed  in  this  laboratory 
to  show  that  while  dendrites  in  substantia  nigra  contain  dopamine,  this  transmitter  is 
not  releasable  by  potassium  depolarization.  We  have  demonstrated  a  relationship  between 
the  ratio  of  dopamine  in  left  vs  right  ventral  striatum  and  lateralization  in  behavioral 
tasks.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress 
Report,  1  Oct  77  -  30  Sep  78. 
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I.  Mechanism  of  Neuroendocrine  Response  to  Stress 

In  order  to  study  neurochemical  mechanisms  determining  adaptive 
hormonal  response  to  environmental  stress,  we  have  successfully  devel¬ 
oped  new  models.  It  is  well  established  that  stress  causes  elevations 
in  plasma  corticosterone  (1-b)  and  prolactin  (5)  while  lowering  plasma 
growth  hormone  (3,4).  Corticosterone  levels  following  stress  vary  with 
time  of  day,  reflecting  the  circadian  rhythm  in  testing  levels  (2).  It 
has  been  demonstrated  that  habituation  occurs  to  the  corticosterone 
response  induced  by  handling  (3,4).  Stress  is  reported  to  activate 
central  noradrenergic  (NE),  dopaminergic  (DA),  and  serotonergic  (5HT) 
neurons  (6-12).  Increases  in  cAMP  levels  in  brain  tissues  have  been 
demonstrated  following  exposure  to  NE,  DA  or  5HT  in  vitro  (16,17)  and  to 
NE  (but  only  minimally  to  DA)  in  vivo  (18).  It  has  been  recently 
reported  that  cold  stress  elevates  cerebellar  cyclic  GMP  (13,14). 

Cyclic  nucleotides  are  known  to  activate  protein  kinases.  Rodknight 
(15)  notes  a  possible  stress  component  in  brain  protein  kinase  activity. 

The  foregoing  led  us  to  predict  that  psychological  stressors 
will  elevate  cGMP  and/or  cAMP.  An  ACTH  fragment  reportedly  lowers 
brain  GABA  (19).  As  ACTH  is  released  in  stress  and  GABA  administration 
lowers  cGMP  (20),  it  would  seem  highly  desirable  to  study  the  effects 
of  stress  (as  well  as  ACTH  and  other  peptides)  on  brain  cGMP  and  GABA, 
as  well  as  norepinephrine  and  cAMP.  A  method  has  been  established  in 
our  laboratory  which  permits  assay  of  gamma-aminobutyric  acid  (GABA), 
glutamic  acid  (GLU),  cyclic  adenosine  3' 5'  monophosphate  (cAMP),  cyclic 
guanosine  3'5'  monophosphate  (cGMP)  and  norepinephrine  in  the  same 
sample  of  brain  tissue  after  microwave  inactivation  of  enzymes,  thereby 
increasing  the  amount  of  information  obtainable  from  a  single  experiment. 
The  assays  employed  are  the  radioimmunoassay  of  Steiner  for  cyclic 
nucleotides  (21,22)  and  the  enzymatic  method  of  Graham  and  Aprison  for 
GABA  and  GLU  (23).  To  ensure  optimal  support  of  the  stress  studies,  we 
have  modified  assay  procedures  to  increase  the  sensitivity  of  our  assay 
system  by  acetylating  our  samples  as  described  by  Harper  and  Brooker 
(J.  of  Cyclic  Nucleotide  Research  1:207-218,  1975).  This  has  increased 
our  sensitivity  into  the  femtomole  range.  It  is  thought  that  cGMP  is 
responsive  to  cholinergic  transmission  (24,27)  and  under  various 
conditions,  brain  tissue  cAMP  is  stimulated  by  norepinephrine,  dopamine, 
serotonin  and  histamine  (25-27).  Further  studies  in  our  laboratory  have 


demonstrated  that  the  technique  of  using  high-intensity  microwave  ir¬ 
radiation  for  enzyme  inactivation  as  indispensable  for  determining  levels 
of  cAMP,  cGMP  and  GABA  in  brain  regions  (28,29).  The  elimination  of 
artifact  has  permitted  accurate  assessment  of  levels  of  these  substances 
in  the  regions  studied.  In  addition,  for  many  of  the  regions,  the  work 
is  unique  in  that  levels  have  never  previously  been  reported. 

Dinnendahl  (30)  found  that  marked  elevation  of  brain  cyclic  guano- 
sine  3'5'  monophosphate  (cGMP)  was  elicited  in  mice  subjected  to  forced 
swimming  in  cold  water,  exposed  to  a  hot  plate,  or  allowed  to  fight. 

These  effects  were  ascribed  to  "stress".  Mao  et  al  (31)  noted  similar 
elevation  of  cGMP  in  rat  brain  following  exposure  to  cold.  In  both  of 
the  above  reports,  the  increases  in  cGMP  were  most  striking  in  the 
cerebellum.  Because  forced  immobilization  was  recognized  as  a  potent 
stressor  (32)  we  have  previously  compared  the  effects  of  that  stressor 
with  the  effects  of  cold  exposure  on  brain  regional  cGMP,  cAMP,  and 
plasma  hormonal  Indices  of  stress  in  the  rat  (33).  While  a  5  minute 
cold  exposure  produced  .in  almost  three-fold  increase  in  cerebellar 
cGMP,  five  minutes  of  forced  immobilization  had  no  effect.  Both 
procedures  however,  produced  marked  increases  in  plasma  corticosterone 
(CS)  and  prolactin  (Prl),  and  decreases  in  plasma  growth  hormone  (GH). 

Such  changes  are  typical  in  rats  exposed  to  stressful  conditions 
(1-5,  34,35).  It  seemed  to  us  that  the  elevations  in  cerebellar  cGMP 
might  be  associated  with  increased  locomotor  activity  in  the  cold- 
exposed  group,  rather  than  stress  se^.  Swimming  or  fighting  clearly 
involve  increased  locomotor  activity.  In  the  case  of  the  hot  plate 
experiment,  the  animals  were  placed  on  a  56°C  surface  for  20  seconds. 
Within  8-10  seconds  of  exposure  to  a  hot  plate  test,  opiate-naive  mice 
begin  jumping,  lifting  and  licking  or  shaking  their  paws  (36).  Hence 
one  might  expect  that  considerable  locomotor  activity  might  be 
engendered  during  an  exposure  to  this  noxious  stimulus  as  prolonged  as 
20  seconds.  It  has  also  been  reported  that  mere  cold  exposure  is 
sufficient  to  produce  elevations  in  cerebellar  cGMP  in  the  rat  (31). 

Cold  exposure,  however,  is  also  known  to  elicit  marked  increases  in  loco¬ 
motor  activity  (37,38). 

Rubin  and  Ferrendelli  (39,40)  have  noted  that  physical  shaking  or 
administration  of  drugs  causing  increased  locomotor  activity  (amphetamine, 
harmaline,  oxotremorine  or  pentylenetetrazol)  are  followed  by  Increases 
in  cerebellar  cGMP  whereas  drugs  which  depress  motor  activity  (diazepam 
or  reserpine)  decrease  levels  of  cGMP. 

We  examined  the  effect  of  locomotor  activity  on  cGMP  and  cAMP  in 
18  brain  regions  in  rats.  We  found  that  cerebellar  cGMP  levels  were 
twice  as  high  in  animals  allowed  5  minutes  of  running  in  activity 
wheels  as  in  animals  merely  allowed  to  explore  the  immobilized  wheel 
for  5  minutes.  Lesser  elevations  in  cGMP  levels  were  seen  in  many  of 
the  brain  regions  examined  and,  similar  to  the  regional  pattern  of 
elevation  following  cold  exposure  (33),  the  magnitude  of  the  effect 
was  greatest  in  the  cerebellum  and  midbrain.  No  changes  were  found  in 
cAMP.  Plasma  levels  of  hormones  indicative  of  stress  were  not 
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significantly  different  between  groups.  We  completed  additional  studies 
on  the  effect  of  decreased  locomotor  activity  on  brain  cyclic  GMP.  We 
found  immobilization  produced  a  decrease  in  cGMP  which  was  slight  at  5 
minutes  but  a  50%  decrease  was  seen  following  immobilization  lasting  15 
minutes.  The  role  of  the  cerebellum  in  the  coordination  of  movement 
has  of  course,  been  well  established  (41),  We  suggest  that  locomotor 
activity  contributes  to  elevations  in  cerebellar  cGMP  seen  in  rats  ex¬ 
posed  to  stressful  conditions  and  may  be  a  contributing  factor  in  changes 
in  cerebellar  cGMP  levels  seen  following  administration  of  certain  drugs 
as  well.  We  expect  our  observations  to  stimulate  re-examination  of  much 
published  data. 

A  new  area  of  critical  importance  to  understanding  the  effects  of 
stress  on  emotional  breakdown  is  being  opened  up  by  studies  indicating 
direct  effects  of  steroid  and  peptide  hormones  on  brain.  Corticosteroids 
bind  preferentially  to  specific  regions  in  brain,  notably  brainstem  and 
hippocampus  (42,43).  The  binding  is  both  to  cytosol  and  to  nuclei  and  is 
influenced  by  level  of  circulating  corticoids  (42).  Corticosterone 
administration  causes  a  marked  increase  in  the  activity  of  tryptophan 
hydroxylase  (the  enzyme  that  synthesizes  serotonin)  in  midbrain  (43). 

These  observations  have  led  to  speculation  that  the  serotonin  neurons 
which  project  from  the  raphe  cells  to  the  hippocampus  (44,45)  might 
mediate  the  feedback  inhibitory  effect  of  glucocorticoids  on  the  pituitary- 
adrenal  axis.  There  is  controversy  over  whether  or  not  glucocorticoids 
depress  the  single  unit  firing  from  raphe  cells  (46,47).  An  increase  in 
hippocampal  theta  is  reported  to  occur  1  hr  following  glucocorticoid  ad¬ 
ministration  (48),  Raphe  stimulation,  which  releases  5HT  (49),  blocks 
habituation  to  auditory  startle  response  (50).  In  one  study  of  glial 
tumor  cells  in  culture,  glucocorticoids  doubled  the  cAMP  response  to  NE 
but  at  least  a  20  hr  exposure  to  the  glucocorticoids  was  required  for 
minimal  effect  (51).  From  the  above  observation,  it  appears  likely  that 
the  direct  effect  of  glucocorticoids  on  brain  is  more  related  to 
chronic,  rather  than  acute  effects  of  stress.  It  has  been  reported  (52) 
that  adrenal  cortical  hormones  facilitate  the  activity  of  brain  adenylate 
cyclase  in  vitro.  Activity  is  decreased  following  adrenalectomy  and 
this  decrease  is  reversed  by  maintenance  with  dexamethasone  or  aldosterone. 
Activity  is  also  decreased  by  hypophysectomy  and  this  decrease  is  reversed 
by  either  ACTH  or  dexamethasone.  Manipulations  which  affect  adenylate 
cyclase  activity  in  vitro  are  very  dependent  on  specifics  of  tissue 
preparation  and  may  not  alter  cAMP  levels  in  vivo.  Hence  the  effect  of 
endocrine  manipulations  on  cAMP  levels  must  be  studied  in  vivo. 

We  examined  the  effect  of  hypophysectomy  or  adrenalectomy  on  brain 
levels  of  cGMP  and  cAMP  both  at  rest  and  following  cold  exposure.  There 
was  no  effect  of  either  ablation  on  resting  levels  of  either  nucleotide, 
and  the  marked  elevation  in  cGMP  following  cold  exposure  was  also  un¬ 
affected  by  either  surgical  procedure.  A  slight  effect  of  saline  inges¬ 
tion  on  cAMP  levels  was  noted  in  the  hypothalamus  and  olfactory  bulbs. 

The  primary  molecular  sites  of  action  of  the  drugs  apomorphine  and 
RO  20-1724  are  thought  to  be  different,  but  the  cyclic  nucleotides,  cAMP 
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and  cGMP  have  been  postulated  to  be  involved  in  the  mechanism  of  action 
of  both  drugs.  Apomorphine  is  considered  to  be  a  dopamine  (DA)  agonist 
that  directly  stimulates  the  DA  receptor  (53,54).  Stimulation  of 
dopamine  receptors  by  dopamine  or  apomorphine  may  result  In  Inactivation 
of  dopamine  sensitive  adenylate  cyclases.  Dopamine  stimulated  adenylate 
cyclases  have  been  demonstrated  in  many  brain  regions  Includinq  caudate, 
n.  accumbens,  o.  tubercle,  s.  nigra,  and  frontal  cortex  (55,56). 

In  vivo,  apomorphine  has  been  shown  to  increase  striatal  cAMP  levels  (57) 
as  well  as  cerebellar  cGMP  levels  (58). 

RO  20-1724,  a  3,4-dialkoxybenzyl-2-imidazolidinone,  has  been  shown 
to  be  a  potent  phosphodiesterase  inhibitor  in  vitro  (59).  RO  20-1724 
potentiates  elevations  in  cyclic  AMP  in  guinea  pig  cortical  slices  In 
response  to  adenosine,  histamine,  norepinephrine  and  glutamate  (60). 

RO  20-1724  also  increases  basal  cyclic  AMP  levels  in  guinea  pig  cerebellar 
slices  (61).  We  were  interested  in  determining  whether  RO  20-1724  could 
serve  as  a  pharmacological  amplifier  for  In  vivo  effects  of  a  neuro¬ 
transmitter  receptor  agonist  such  as  apomorphine. 

In  vivo  the  phosphodiesterase  inhibitor  RO  20-1724  increased  levels 
of  cycTic  Amp  in  all  4  tested  regions:  pituitary,  cerebellum,  n. 
accumbens-o.  tubercle  and  corpus  striatum.  The  elevation  was  12  fold  in 
the  pituitary  which  appears  to  have  a  very  responsive  cyclic  AMP  system. 

RO  20-1724  also  significantly  increased  cyclic  GMP  levels  in  vivo  in 
n.  accumbens-o.  tubercle  and  corpus  striatum.  Experiments  performed 
in  vitro  with  RO  20-1724  have  suggested  that  the  drug  is  a  much  more 
effective  inhibitor  of  cyclic  AMP  phosphodiesterase  activity  than  cyclic 
GMP  phosphodiesterase  activity  (59).  Our  results  demonstrate  that 
RO  20-1724  in  vivo  increases  cyclic  AMP  levels  more  than  cyclic  GMP  levels 
in  the  regions  tested.  However,  the  effects  on  cyclic  GMP  must  also  be 
considered  in  assessing  the  biochemical  pharmacology  of  this  drug. 

Apomorphine  alone  increased  levels  of  both  cyclic  nucleotides  in 
some  regions,  but  the  increase  in  cAMP  in  corpus  striatum  was  not  seen 
when  apomorphine  injections  were  preceded  by  injections  of  the  vehicle 
used  for  RO  20-1724.  The  failure  to  find  elevated  cyclic  AMP  in 
striatum  after  apomorphine  in  this  particular  experiment  could  be  ex¬ 
plained  by  the  somewhat  higher  "control"  cAMP  levels  in  vehicle-saline 
Injected  rats  vs  the  saline  injected  controls.  On  the  other  hand  in 
other  experiments  in  our  laboratory  (unpublished  data),  we  have  found 
that  the  cAMP  response  to  apomorphine  in  vivo  in  striatum  is  variable 
and  not  robust.  This  has  also  been  observed  by  other  investigators 
(Michael  Schmidt,  personal  communication).  The  major  responses  to 
apomorphine  were  increased  cyclic  GMP  levels  in  cerebellum  and 
n.  accumbens-o.  tubercle  and  a  very  large  cyclic  AMP  Increase  in  the 
pituitary.  DA  receptors  have  been  demonstrated  in  the  n.  accumbens-o. 
tubercle  but  none  are  found  in  the  cerebellum  (62).  It  has  been 
postulated  that  the  apomorphine-induced  cyclic  GMP  elevation  might  be 
mediated  via  a  multi-synaptic  pathway  originating  outside  the  cere¬ 
bellum  (58). 


Since  we  have  shown  that  locomotor  activity  elevates  cGMP  in  the 
cerebellum,  and  apomorphine  is  known  to  stimulate  motor  activity  we 
are  investigating  the  role  of  motor  activity  in  mediating  the  apparent 
effects  of  apomorphine  on  cGMP.  Since  RO  20-1724  seems  to  have  sedative 
effects,  we  expect  to  find  that  its  effects  on  cGMP  are  not  mediated 
via  locomotor  activity. 

Pituitary  cAMP  was  remarkably  responsive  to  apomorphine  or  RO  20- 
1724.  Levels  of  cyclic  AMP  increased  approximately  8  fold  after 
apomorphine,  and  12  fold  after  RO  20-1724.  The  turnover  of  cyclic  AMP 
in  the  pituitary  must  be  relatively  high  and  the  system  very  sensitive 
to  demonstrate  such  large  increases.  We  find  that  the  effects  of 
apomorphine  and  RO  20-1724  appear  to  be  additive  in  the  pituitary.  The 
pituitary  has  been  shown  to  contain  DA  receptors  and  it  has  been 
suggested  that  dopamine  may  act  directly  on  the  pituitary  to  inhibit 
prolactin  release.  The  administration  of  apomorphine  in  vivo  decreases 
prolactin.  Schmidt  and  Hill  recently  reported  that  adenylate  cyclase 
activity  in  intact  pituitaries  in  vitro  was  unaffected  by  apomorphine 
although  striatal  adenylate  cyclase  activity  was  stimulated  under  the 
same  experimental  condition.  Our  results,  however,  show  that  in  vivo 
pituitary  cAMP  is  elevated  by  apomorphine.  Either  apomorphine  is  able 
stimulate  pituitary  DA  receptors  in  vivo  but  not  in  vitro,  or  possibly 
apomorphine  affects  pituitary  cycTTc  AMP  through  activation  of  a  system 
originating  outside  the  pituitary.  Our  data  suggest  that  RO  20-1724 
inhibits  phosphodiesterase  activity  in  vivo  in  rat,  increasing  both 
cAMP  and  cGMP  in  brain  and  markedly  Tncreasing  pituitary  cAMP. 

Recent  work  has  supported  a  role  for  asymmetries  in  central  nervous 
system  dopamine  (DA)  in  spatial  preference  in  rats  and  has  suggested 
that  the  relevant  asymmetries  are  nigro-striatal .  A  critical  piece 
of  evidence  supporting  the  role  of  nigro-striatal  dopaminergic  asymme¬ 
tries  in  spatial  preference  in  intact  animals  has  been  the  study  of 
Zimmerberg  et  al  (73).  These  investigators  reported  that  side  preference 
in  a  T-maze  shock-escape  apparatus  is  associated  with  a  higher  level  of 
dopamine  in  the  contralateral  striatum.  We  attempted  to  replicate  and 
extend  their  findings. 

Our  results  are  in  accord  with  the  body  of  evidence  supporting  a 
role  for  intrinsic  dopaminergic  asymmetries  in  spatial  preference  in 
intact  animals.  In  contrast  to  Zimmerberg  et  al,  we  found  no  evidence 
that  nigro-striatal  dopaminergic  asymmetries  were  correlated  with 
spatial  preference.  We  have,  however,  found  an  association  between 
higher  levels  of  dopamine  in  the  nucleus  accumbens  and  olfactory  tubercle 
on  one  side  of  the  brain  and  a  greater  tendency  to  turn  toward  that 
side.  Our  results  support  a  role  for  dopaminergic  asymmetries  in  spatial 
preference,  and  in  contrast  to  previous  work  suggest  that  dopaminergic 
asymmetries  in  the  nucleus  accumbens  and  olfactory  tubercle,  rather  than 
in  the  striatum,  underly  turning  preference,  and  hence  focus  attention 
of  the  meso-limbic  dopaminergic  system  as  a  possible  substratum  of  spatial 
preference  in  intact  animals. 
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There  is  ample  evidence  that  stress  releases  catecholamines  from  the 
adrenal  medulla  and  by  some  indications,  from  brain  neurons  as  well  (6-12, 
63).  Although  neuronal  firing  rates  are  one  determinant  of  release  (64), 
local  presynaptic  receptors  are  reported  to  influence  releasability  of 
brain  NE  (65).  The  latter  work  was  done  with  exogenous,  labelled  NE. 

Such  a  model  could  prove  misleading  in  that  numerous  storage  compartments 
may  be  labelled,  and  therefore,  specificity  limited.  Our  laboratory  has 
developed  the  first  in  vitro  model  of  release  of  endogenous  NE  from  brain 
tissue  (66).  This  advance  permits  us  to  examine  the  effects  of  acute  and 
chronic  stress  or  injury  on  pre-synaptic  modulation  of  transmitter  re¬ 
lease.  Such  studies  would  not  have  been  feasible  without  the  development 
of  our  in  vitro  model .  We  have  previously  measured  the  release  of  NE 
in  vitro  from  hypothalamus,  a  region  with  a  high  NE  concentration,  in 
response  to  depolarizing  concentrations  of  KCl,  (66).  We  also  reported 
that  DA  was  released  from  striatum,  a  region  rich  in  DA,  after  incubation 
with  KCl  (67).  We  have  recently  shown  that  a  portion  of  the  DA  release 
in  corpus  striatum  may  be  calcium-independent  (68)  in  marked  contrast  to 
NE  release  from  hypothalamus.  The  striatum,  accumbens-tubercle  and  hypo¬ 
thalamus  are  dopaminergic  terminal  areas,  while  the  s.  nigra  contains  DA 
cell  bodies  and  dendrites.  Release  has  been  thought  to  occur  primarily 
from  DA  terminals.  However  recent  studies  have  suggested  a  role  for 
s.  nigra  dendritic  DA  release  (69,70).  Release  of  ^HDA  from  s.  nigra  by 
KCl  has  been  reported  iji  vitro  (71)  and  in  vivo  (72).  Although  we  also 
have  observed  release  of  previously  taken  up  3hdA  by  elevated  KCl 
(unpublished  results),  we  were  unable  to  demonstrate  KCl  stimulated 
release  of  endogenous  DA  from  s.  nigra  in  several  experiments.  Since 
^HDA  can  be  taken  up  by  NE  terminals,  perhaps  the  observed  release  of 
3hDA  by  KCl  is  from  NE  terminal  areas  rather  than  from  DA  dendrites. 

We  found  that  both  KCl  and  amphetamine  released  endogenous  NE  from  the 
substantia  nigra.  d-Amphetamine  did  release  endogenous  DA  from  the 
s.  nigra  preparation.  Possibly,  amphetamine  and  KCl  release  endogenous 
DA  from  different  pools.  KCl  may  be  an  effective  releaser  only  from 
terminals  while  amphetamine  could  also  release  from  the  dendrite  or 
cell  body  DA  stores.  We  have  suggested  (66-68)  that  release  of  endogenous 
catecholamines  might  not  always  parallel  the  release  observed  during 
previously  taken  up  radiolabeled  amine.  The  present  data  with  regard  to 
s.  nigra  DA  release  demonstrate  the  utility  of  the  endogenous  release 
model.  d-Amphetamine  stimulated  both  NE  and  DA  release  from  regions 
throughout  the  rat  brain.  This  widespread  release  of  both  transmitters 
should  be  considered  in  attributing  the  behavioral  effects  of  amphet¬ 
amine  to  specific  neuronal  systems. 
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Project  3M161102BS01  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 
Work  Unit  129  Parasitic  Diseases  of  Military  Importance 
Investigators. 

Principal:  LTC  David  E.  Davidson,  Jr.,  VC 

Associates:  LTC  Anthony  Johnson,  VC;  MAJ  Larry  Hendricks, 
MSC;  MAJ  Bryce  Redding ton,  MSC;  MAJ  Lyle 
Ketterling,  MSC;  MAJ  Michael  Reardon,  VC; 

MAJ  Ralph  Bunte,  MSC;  MAJ  Ray  H.  Perry,  MSC. 

1 .  Description. 

Basic  Research  Studies  on  Parasitic  Diseases  of  Military 
Importance  are  being  conducted  with  the  goal  of  developing  im¬ 
proved  techniques  and  new  knowledge  to  assist  in  diagnosis,  pre¬ 
vention,  treatment  and  control.  Parasite  culture  systems  and 
animal  models  of  the  parasitic  diseases  of  interest  are  being 
developed  to  study  the  physiology  and  biochemistry  of  the  para¬ 
site,  and  to  study  the  host-parasite  relationship  and  the  patho¬ 
genesis  of  these  diseases.  Emphasis  is  placed  upon,  but  is  not 
restricted  to  malaria,  leishmaniasis,  schistosomiasis  and 
trypanosomiasis. 

2.  Progress . 

a.  Use  of  the  Cynomolgous  Monkey  Model  for  the  Testing  of 
Candidate  Antitrypanosomal  Drugs. 

1 .  )  Background 

Previous  drug  efficacy  studies  conducted  in  this  labora¬ 
tory  have  utilized  rhesus  monkeys  (Macaca  mulatta)  infected  with 
Wellcome  CT  or  1886  strain  Trypanosoma  rhodesiense.  A  small  4- 
monkey  pilot  study  conducted  last  year  utilizing  Wellcome  CT 
strain  in  cynomolgous  monkeys  (Macaca  fascicularis )  suggested 
that  this  alternative  host,  which  is  more  readily  available, 
would  be  a  suitable  model. 

WR  119,290,  an  experimental  antitrypanosomal  drug,  which 
had  exhibited  outstanding  activity  against  T.  rhodesiense  in 
mouse  screening  tests  was  selected  for  study  in  the  cynomolgous 
monkey  model . 

2 .  )  Materials  and  Methods 
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i 


Fourteen  cynomolgous  monkeys  (Macaca  fascicularis)  were 
utilized  in  this  study.  Ten  monkeys  were  inoculated  I.V.  with 
50,000  Trypanosoma  rhodesiense  organisms  (Wellcome  CT  strain) 
obtained  from  donor  mice  and  purified  on  a  column  of  DEAE  sepha- 
dex.  Treatment  with  WR  199,290  was  initiated  when  parasitemia  was 
evident  in  all  monkeys.  Eight  infected  monkeys  were  given 
WR  119,290  daily  for  3  days  by  nasogastric  intubation  at  30  mg/kg 
per  day  on  days  4,  5  and  6.  Two  infected  and  two  uninfected  mon¬ 
keys  were  sham-treated  with  5  ml  of  drug  vehicle  (physiologic 
saline)  for  3  days.  The  two  remaining  uninfected  monkeys  were 
given  WR  119,290  in  the  same  dose  and  regimen  (30  mg/kg  x  3  days) 
as  the  infected  group.  All  monkeys,  including  controls,  were 
fasted  for  18  hours  before  and  2  hours  after  each  administration 
of  drug  or  vehicle. 


Group 

No.  of  Monkeys 

Treatment 

I 

8  Infected 

WR  119,290  orally  30  mg/kg  x 

3  days 

II 

2  Infected 

Vehicle  Controls 

III 

2  Uninfected 

WR  119,290  orally  30  mg/kg  x 

3  days 

IV 

2  Uninfected 

Vehicle  Controls 

Monkeys  were  immobilized  for  handling  by  intramuscular 
injection  of  0.2-0. 3  ml  Ketamine.  Blood  was  obtained  for  parasite 
counting  by  pricking  the  marginal  ear  vein  or  footpad  with  a 
sterile  lancet.  Giemsa  stained  blood  films  were  prepared  daily 
on  days  0-10;  twice  weekly  or  weekly  thereafter. 

General  observations  of  the  physical  condition  of  the 
animals  were  made  and  recorded  daily.  Body  weight  was  determined 
and  blood  collected  three  times  prior  to  day  0,  twice  weekly 
between  day  0  and  28,  and  weekly  through  day  49.  Hematologic 
measurements  included  RBC,  hematocrit,  hemoglobin,  mean  corpuscu¬ 
lar  volume,  platelets,  erythrocyte  sedimentation  rate,  WBC, 
differential  and  reticulocyte  counts.  Biochemical  determinations 
included  blood  glucose,  serum  protein,  serum  albumin,  SGOT,  SGPT, 
LDH,  alkaline  phosphatase,  BUN,  creatinine,  total  bilirubin,  and 
serum  sodium  potassium  and  chlorides.  Rectal  temperature  was 
determined  whenever  blood  was  collected. 

Monkeys  surviving  to  day  49  (excepting  Group  IV)  were 
sacrificed  by  I.V.  injection  of  Lethane  and  gross  and  histopatho¬ 
logic  examinations  performed.  At  sacrifice  samples  of  spleen  and 
pooled  prescapular  and  axillary  lymph  nodes  were  collected 
aseptically  and  homogenized  for  inoculation  into  groups  of  5  mice 
each  in  order  to  detect  subpatent  parasitemia  or  sequestration  of 
trypanosomes.  Blood  was  also  collected  for  subinoculation  during 
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the  course  of  the  study  (after  drug  treatment)  whenever  parasi¬ 
temia  was  subpatent  by  smear  examination.  Selected  smear-posi-, 
tive  blood  was  subinoculated  periodically  as  a  control  for  the 
validity  of  the  subinoculation  procedure.  Each  mouse  was 
inoculated  I.P.  with  0.2-0. 4  ml  of  whole  blood  or  0.2-0. 4  ml  of 
20%  tissue  homogenate. 

Blood  films  of  the  recipient  mice  were  followed  for  15 
days.  The  schedule  of  treatment,  blood  film  examination,  and 
blood  collection  is  presented  in  Table  1.  At  each  bleeding,  !i  ml 
of  blood  was  collected;  2  ml  in  EDTA  for  hematology  and  subinocu¬ 
lation;  and  3  ml  clotted  for  serum  chemistry. 

3. )  Results 

The  results  of  blood  film  examinations  and  blood  and 
tissue  subinoculations  into  mice  are  presented  in  Table  1.  All 
inoculated  monkeys  become  patent  by  blood  film  examination  within 
2-3  days. 

The  two  vehicle-treated  controls  (A-09  and  A-26)  remained 
smear-positive  through  day  5,  and  then  became  subpatent.  Patency 
was  again  noted  in  A-26  on  day  9,  and  in  A-09  on  day  28.  During 
the  period  of  subpatency,  both  vehicle  controls  were  positive  by 
subinoculation  except  for  A-09  on  day  7. 

All  of  the  drug  treated,  infected  group  became  subpatent 
on  the  day  after  drug  treatment  was  initiated  (one  day  earlier 
than  the  controls).  During  the  subpatent  period  following  the 
initial  parasitemia,  all  8  monkeys  exhibited  parasitemia  either 
by  film  examination  or  subinoculation.  One  treated  monkey  (A-48) 
remained  negative  throughout  the  post-treatment  period.  Monkey 
A-14  was  also  negative  throughout  the  post-treatment  period  with 
the  exception  of  a  single  positive  result  from  subinoculation  on 
day  10.  Monkey  A-33  also  exhibited  a  mild  post-treatment  course, 
with  a  positive  subinoculation  on  day  10  and  a  positive  blood 
fi Im  on  day  17. 

Characteristic  signs  of  trypanosomiasis  were  observed  in 
the  infected  vehicle  control  monkeys,  and  in  at  least  5  of  the 
infected,  drug  treated  monkeys  as  follows: 

a. )  Intermittent  fever  (with  associated  lethargy, 
inappetence). 

b. )  Mild  to  moderate  weight  loss. 


c. )  Progressive  decrease  in  RBC,  hematocrit  and 

hemoglobin. 

d. )  Marked  increase  in  reticulocytes. 

e. )  Reduction  in  total  WBC  and  platelets  (not 
observed  in  all  monkeys). 

f .  )  Marked  increase  in  erythrocyte  sedimentation 

rate. 

g. )  An  increase  in  monocytes  during  the  early  stages 
of  infection. 

h. )  Evidence  of  neurologic  involvement,  perhaps 
related  to  trypanosome  invasion  of  the  central  nervous  system  was 
noted  clinically  in  only  one  monkey  (the  control,  A-26).  This 
was  first  noted  on  day  43.  Signs  were  limited  to  tremors  and 
incoordination. 

i. )  Only  one  monkey  died  during  the  course  of  study. 
This  was  monkey  A-30  from  the  drug  treated  group  which  died  on 
day  58. 

The  most  consistent  biochemical  finding  in  infected  mon¬ 
keys  was  a  progressive  and  dramatic  increase  in  serum  alkaline 
phosphatase,  beginning  about  day  7,  and  persisting  throughout  the 
course  of  infection.  Slight  increases  in  SGOT  and  SGPT  were 
observed  in  several  infected  monkeys  between  days  3  and  14, 
returning  to  within  normal  limits  thereafter.  LDH  values  varied 
over  a  wide  range  in  both  infected  and  control  monkeys,  making 
interpretation  difficult.  It  appears  that  LDH  may  have  been 
elevated  in  several  of  the  infected  monkeys  late  in  the  course 
of  infection.  Serum  albumin  decreased  progressively  in  many 
infected  monkeys,  particularly  in  the  later  stages.  Abnormal  in¬ 
creases  in  BUN  and  creatinine  were  noted  in  a  few  monkeys,  and 
these  were  limited  to  the  advanced  stages  of  the  disease.  Serum 
glucose  was  also  decreased  late  in  infection.  Serum  sodium, 
potassium  and  chlorides  remained  within  normal  limits. 

No  abnormalities  were  noted  in  uninfected  drug-treated 
controls.  Since  drug  was  administered  during  Ketamine  immobili¬ 
zation,  clinical  observations  are  unreliable.  No  vomiting  was 
noted,  nor  any  other  untoward  clinical  sign  during  or  after  drug 
administration  in  any  monkey.  Hematologic  parameters  and  bio¬ 
chemical  determinations  were  within  normal  limits  for  all  unin¬ 
fected  drug-treated  and  uninfected  vehicle  controls. 


4. )  Discussion 


Blood  parasite  levels  attained  in  the  present  study  were 
disappointing,  and  the  tendency  of  the  infection  to  remain  sub¬ 
patent  throughout  much  of  the  course  of  infection  complicated 
interpretation  of  drug  effects,  and  necessitated  heavy  reliance  on 
subinoculation  techniques  to  detect  infection.  Perhaps  the 
cynomolgous  monkey  is  less  susceptible  to  infection  with  this 
strain  of  trypanosome  than  the  rhesus  monkey,  or  perhaps  the 
cynomolgous  monkey  has  a  greater  tendency  to  sequester  its  trypan¬ 
osomes.  A  parallel  study  is  needed  to  clarify  this  point. 

Erythrocyte  sedimentation  rate  appears  to  be  the  most 
sensitive  and  consistent  hematological  indicator  of  infection, 
although  RBC,  hematocrit  and  hemoglobin  were  also  rather  consis¬ 
tent  indicators.  Reticulocytosis  regularly  paralleled  the  anemia. 
Rectal  temperature,  body  weight,  WBC  and  platelet  counts  were  also 
useful  indicators  of  clinical  condition.  The  monocytosis  which 
was  observed  early  in  the  course  of  infection  in  most  monkeys  is 
an  interesting  observation. 

Alkaline  phosphatase  was  the  most  significant  and  consis¬ 
tent  indicator  of  infection,  becoming  elevated  at  about  7  days, 
and  progressively  increasing.  Slight  increases  in  SGOT  and  SGPT 
were  noted  early  in  infection  (days  3-14).  Serum  albumin  decreas¬ 
ed  progressively  in  most  infected  monkeys.  LDH  levels  were 
erratic  and  not  particularly  useful.  Abnormalities  in  glucose, 
BUN,  creatinine  and  bilirubin  were  noted  only  in  the  late  stages 
of  infection. 

WR  119,290  was  well  tolerated  orally  at  30  mg/kg  per  day 
for  3  days.  No  clinical,  hematologic  nor  biochemical  abnormality 
which  could  be  related  to  drug  intolerance  was  noted  in  any 
monkey. 


WR  119,290,  administered  orally  at  30  mg/kg  per  day  for 
3  days  (days  4-6  post-inoculation)  influenced  the  course  of 
trypanosome  infection,  but  was  relatively  ineffective  in  curing 
infected  animals.  All  of  8  treated  monkeys  became  subpatent 
within  24  hours  after  initiation  of  drug  treatment  (one  day  be¬ 
fore  vehicle-treated  controls  became  subpatent).  All  of  8  drug 
treated  monkeys  were  subpatent  and  subinoculation  negative  on  day 
7  (the  day  after  termination  of  drug  treatment).  One  of  two 
vehicle-treated  controls  was  subinoculation  positive  on  day  7. 

Post-treatment  parasitemia  and  subinoculation  data  for  5 
of  the  8  treated  monkeys  clearly  indicate  failure  of  the  drug  to 
cure  the  infection  (A-02,  A-08,  A-12,  A-13,  and  A-30).  Hematolo- 
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gic  and  serum  biochemical  data,  and  body  weight  and  rectal  temper¬ 
ature  observations  indicate  the  uninterrupted  progression  of  the 
clinical  syndrome  of  trypanosomiasis  in  these  5  monkeys  as  well. 

One  monkey  (A-48)  may  have  been  cured.  After  drug  treat¬ 
ment,  blood  films  and  subinoculations  were  consistently  negative. 
Hematology  and  biochemistry  after  drug  treatment  were  entirely 
normal,  except  for  an  increase  in  rectal  temperature  of  unknown 
etiology  observed  on  day  49.  Due  to  a  laboratory  error,  terminal 
subinoculations  of  spleen  and  lymph  node  were  not  performed. 

Except  for  a  single  positive  subinoculation  on  day  10,  all 
other  indicators  suggest  that  A-14  was  also  cured.  RBC  and  hema¬ 
tocrit  in  this  monkey  decreased  through  day  17,  and  then  appeared 
to  recover.  All  other  clinical,  hematological,  and  biochemical 
parameters  remained  within  normal  limits  after  drug  treatment. 
Spleen  and  lymph  node  subinoculations  were  negative  at  necropsy. 

The  course  of  infection  in  monkey  A-33  was  also  signifi¬ 
cantly  modified  by  drug  treatment.  Blood  in  this  monkey  was  sub¬ 
inoculation  positive  on  day  10,  and  smear  positive  on  day  17. 
Otherwise,  blood  films  and  subinoculations  were  negative.  RBC  and 
hematocrit  were  decreased  on  days  7-17,  and  recovered  thereafter. 
Increased  in  sedimentation  rate  and  reticulocyte  count  noted  on 
days  3-10  were  reversed  after  drug  treatment.  All  other  hemato¬ 
logic  parameters  remained  within  normal  limits.  Biochemical 
parameters  were  within  normal  limits  after  drug  treatment. 

Terminal  subinoculations  of  spleen  and  lymph  node  were  not  per¬ 
formed  due  to  laboratory  error. 

5. )  Conclusions 

a. )  WR  119,290  was  well  tolerated  when  administered 
orally  for  3  consecutive  days  at  30  mg/kg  per  day. 

b. )  WR  119,290  exhibited  antitrypanosomal  activity 
when  administered  orally  for  3  consecutive  days  at  30  mg/kg  per 
day  to  cynomolgous  monkeys  infected  with  Wellcome  CT  strain 
Trypanosoma  rhodesiense. 

c. )  The  tendency  of  Wellcome  CT  strain  to  remain 
subpatent  in  cynomolgous  monkeys  throughout  much  of  the  course  of 
infection  makes  it  difficult  to  interpret  the  curative  activity 
of  WR  119,290  in  this  study.  One  of  8  monkeys  appears  to  have 
been  cured.  Two  additional  monkeys  appear  also  to  have  been 
cured  although  trypanosomes  were  observed  in  blood  3  to  10  days 
after  termination  of  the  drug  regimen. 
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d.)  It  seems  likely  that  WR  119,290  will  be  tolerat¬ 
ed  at  considerably  higher  doses.  A  second  efficacy  study  is  being 
considered  to  evaluate  the  curative  potential  of  WR  119,290  at 
higher  drug  doses. 

b.  The  Use  of  Cynomolqous  Monkeys  Infected  with  Leisimiania 
donovani  as  a  Model  of  Human  Visceral  Leishmaniasis. 

1 . )  Background 

Leishmaniasis  is  a  parasitic  disease  of  the  reticulo¬ 
endothelial  system  which  is  widely  distributed  throughout 
tropical  and  semi-tropical  regions  of  the  world.  Transmission  is 
by  the  bite  of  tiny  sandflies  (genus  Phlebotomus  or  Lutzmyia) . 
Depending  on  the  species  and  strain  of  Leishmahia  involved,  the 
disease  appears  in  one  of  3  clinical  forms:  visceral,  mucocutan¬ 
eous  or  cutaneous.  All  forms  of  leishmaniasis  are  capable  of 
producing  large  numbers  of  cases  in  military  personnel  operating 
in  endemic  areas,  and  may  result  in  acute  or  long-term  casualties. 

Leishmania  donovani,  the  causative  organism  of  visceral 
leishmaniasis,  has  been  extensively  used  as  a  model  organism  in 
leishmanial  research;  and,  for  drug  screening,  the  hamster  model 
is  utilized  by  the  WRAIR  Program  (Stauber  Method  as  modified  by 
Hanson).  While  this  hamster  model  has  proven  to  be  a  sensitive 
and  reproducible  screening  model,  it  is  considered  that  compounds 
showing  anti  leishmanial  activity  in  this  system  need  to  be 
evaluated  in  another  animal  model,  preferably  one  more  closely 
resembling  the  human  disease,  before  such  compounds  are  considered 
for  clinical  trials . 

Accordingly,  investigations  has  been  initiated  to 
characterize  the  clinical  and  pathological  features  of  U  donovani 
infection  in  cynomolgous  monkeys,  and  to  select  a  strain  or 
strains  which  can  be  used  in  a  primate  model  for  preclinical  eval¬ 
uation  of  candidate  anti  leishmanial  drugs.  Cynomolgous  monkeys 
have  been  selected  for  use  because  of  their  relatively  good 
availability. 

3.  Results. 

Two  experiments  have  been  conducted  in  Cynomolgous  monkeys. 
First,  the  Khartoum  strain  of  Leishmania  donovani  was  used. 

Five  monkeys  were  inoculated  intravenously  with  40-100  million 
amastigotes  of  l^.  donovani  (Khartoum)  per  kg  body  weight.  All 
inoculated  monkeys’ developed  a  clinical  syndrome  similar  to  vis¬ 
ceral  leishmaniasis  as  it  is  observed  in  man.  The  initial 


> 

> 


i 


I 


4 


clinical  sign  usually  was  splenomegaly  in  3-7  weeks  post^exposure 
followed  shortly  by  onset  of  pancytopenia.  Typical  changes  in¬ 
cluded  a  drop  in  platelet  count  from  5,000,000  to  100,000  per  cmm 
or  less,  a  decrease  in  hematocrit  from  32-40%  to  7-17%,  a  drop  in 
total  leucocyte  count  from  5-10,000  to  1-3,000  per  cmm,  and 
weight  loss  averaging  15%.  Animals  usually  died  6-20  weeks  after 
inoculation.  At  necropsy,  spleens  and  livers  from  infected  mon¬ 
keys  averaged  8.5  and  2.5  times  heavier,  respectively,  than  those 
organs  from  non-infected  control  animals.  Parasites  were  seen 
microscopically  in  liver,  spleen,  and  bone  marrow  at  necropsy,  and 
those  parasites  could  be  recovered  in  culture.  Histopathologic 
lesions  included  severe,  diffuse  granulomatous  inflammation  of 
the  spleen,  liver,  and  abdominal  lymph  nodes.  Granulomatous 
interstitial  pneumonia  and  epididymitis  also  were  evident. 
Meningeal  hemorrhages  were  occasionally  observed. 

These  results  suggest  that  this  monkey  model  may  be  suitable 
for  use  in  laboratory  studies  of  the  biology,  immunology,  and 
pathogenesis  of  leishmaniasis,  as  well  as  for  use  in  the  testing 
of  candidate  anti  leishmanial  drugs. 

A  second  study  was  conducted  in  4  Cynomolgous  monkeys  using 
the  Mediterranean  HM  strain  of  donovani .  Again,  40-100 
amastigotes  per  kg  body  weight  from  hamster  livers  were  inoculated 
intravenously,  and  the  monkeys  were  followed  by  clinical  observa¬ 
tion,  by  hematology,  clinical  chemistry,  bone  marrow  biopsy,  and 
terminal  parasite  subculture. 

In  this  experiment,  HM  strain  L.  donovani  produced  only  a 
mild  and  self-limiting  clinical  disease.  Three  of  the  4  inocu¬ 
lated  monkeys  self-cured  within  the  7  week  observation  period, 
and  were  negative  for  parasites  by  subculture  of  spleen,  liver, 
bone  marrow,  and  lymph  nodes  at  the  time  of  sacrifice.  The  fourth 
monkey  was  parasite  positive  at  necropsy,  although  organ  changes 
were  minimal.  It  appears  that  the  Cynomolgous  monkey  may  not  be 
very  susceptible  to  this  hamster-adapted  strain,  and  that  this 
host-parasite  combination  may  not  lend  itself  well  to  laboratory 
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ducing  disability  due  to  virus  diseases. 
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Important  areas.  New  conceptual  approaches  and  methods  are  developed  as  needed  for 
specific  problems, 

25  (U)  77  10  -  78  09  Adenovirus.  A  microtiter  neutralization  test  for  adenovirus  anti¬ 
body  was  developed  using  transformed  human  embryonic  kidney  cells.  The  assay  proved  to 
be  of  equal  specificity  to  previous  assay  techniques  and  superior  to  them  in  terms  of 
sensitivity,  manpower  required  and  cost.  An  enzyme  linked  Immunosorbent  assay  fKLTSA) 
was  technically  more  difficult  and  less  spc?clfic  than  the  mlcrotlter  neutralization 
test.  Adenovirus  type  21  was  the  predominant  caust*  of  acute  respiratory  disease  (AkD) 
in  basic  combat  trainees  while  type  4  and  7  vaccines  were  administered.  Plsease  rates 
stayed  below  4.0/100/week  except  in  .January  and  February  when  influenza  was  also  being 
transmitted.  Influenza,  Influenza  A/USSR/77  (MINI)  caused  shortlived  outbreaks  of  i 

lid  disease  on  many  military  posts  in  1977-78.  MINI  Isolates  were  recovered  from  the 
IS  Army  Military  Acadt*my  and  t!ie  Aberdeen  Proving  (Iround  in  February.  H3N2  isolates 
ere  recov€»red  from  Ft.  Kiistis  and  Ft.  Wood  in  December  and  January.  For  Technical 
eport,  see  Walter  Heed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  77  to 
0  Sep  78, 
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severity  and  medical  result  of  human  virus  infections,  and  to  develop  means  for  re¬ 
ducing  disability  due  to  virus  diseases. 

24  (U)  Contemporary  virologlcal  and  Immunological  methods  are  applied  to  disease 
problems  occurring  in  troops  or  in  susceptible  civilian  populations  in  strategical ly 
Important  areas.  New  conceptual  approaches  and  methods  arc  developed  as  needed  for 
specific  problems. 

25  (D)  77  10  -  78  09  Arboviruses.  Six  (6)  volunteers  were  inoculated  with  over  100,000 
plaque  forming  units  of  a  live  attenuated  dengue  type  2  virus.  Five  recipients  develope 
vlremia,  but  virus  was  not  recovered  from  peripheral  blood  leukocytes  as  It  is  in  cases 
of  dengue  disease.  Complement  fixing  (CF)  antibody  lo  soluble  crude  antigens  was  not 
detected  as  it  Is  In  classical  dengue  fever;  CF  antibody  was  detected  by  reaction  with 
structural  (virion)  antigens.  Volunteers  inoculated  most  recently  with  attenuated 
/ellow  fever  virus,  serolog i ca 1 1 y  related  to  dengue,  developed  the  lowest  dengue 
leutralizlng  antibody  titers.  The  serological  conversions  were  broadly  cross-reactive 
because  of  previous  exposure  to  the  flavivlrijs  group  antigen  carried  by  the  yellow  fe-  | 
/er  vaccine.  The  vaccine  virus  appears  stable  in  vivo  and  safe  to  use  for  additional 
testing.  Personnel  continued  to  serve  as  consultants  for  the  Pan  American  Health 
)rganization  as  dengue  epidemics  spread  about  the  Caribbean  region.  For  technical 
'eport,  see  Walter  Reed  Army  Institute*  of  Research  Annual  Progress  Report  1  Oct  77  to 
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Project  3M16n02BS01  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 

Work  Unit  130,  Viral  Infections  of  Man 

Investigators: 

Principal:  LTC  W.H.  Bancroft,  MC;  J.M.  Dalrymple,  Ph.D. 

Associate:  COL  P.K.  Russell,  MC;  COL  F.H.  Top,  Jr.,  MC; 

LTC  M.  Benenson,  MC;  LTC  R.M.  Scott;  MAJ  J.H. 
Anderson,  Jr.,  MC;  MAJ  B.W.  Booth,  MC;  MAJ  D.S. 
Burke,  MC;  MAJ  S.M,  Lemon,  MC;  MAJ  K.J.  Winn, 

MC;  CRT  C.A.  Haile,  MC ;  CPT  M.A.  Ussery,  MSC; 

Dr.  W.E.  Brandt,  Ph.D.;  Dr.  K.H,  Eckels,  Ph.D.; 
SSG  B.H.  Robinson;  SSG  T.E.  Simms;  SP5  K.J. 
Belleville;  SP5  E.M.  McDowell;  SP5  W.E.  Williams 
SP4  S.M.  Crump;  SP4  D.A.  Fraser;  SP4  J.R.  Putnak 
SP4  L.C.  Webster;  PFC  D.W.  Davison;  L.D.  Agniel, 
Jr.;  J.M.  McCown;  B.H.  Mann;  A.S.  Ralph;  H.G. 
Cannon;  S.A.  Harrison;  R.J.  Jackson;  G.P.  Onley 

Description 

To  define  the  etiology  and  ecology  of  human  virus  infec¬ 
tions  particularly  those  of  military  medical  significance;  to 
devise  and  evaluate  means  for  precise  diagnosis,  control  and/ 
or  prevention  of  disease.  Studies  have  applied  virological, 
immunological,  epidemiological  and  physiological  approaches 
to  understanding  disease  caused  by  respiratory,  arthropod- 
borne  and  other  viruses,  the  factors  influencing  transmission 
to  men,  other  vertebrates  and  invertebrates,  and  their  sur¬ 
vival  in  nature. 

Progress 

I.  The  arthropod-borne  viruses 

A.  Immunization  with  Live  Attenuated  Dengue  Virus  Vaccines 
Study  #1.  Safety  and  Immunogenic ity  of  DEN-2  {PR-159/S-1)  in 
Adult  Volunteers. 

1.  Background 

The  WRAIR  has  developed  an  attenuated  dengue  type 
2  virus,  PR-159  (S-1)  as  a  candidate  live  virus  vaccine.  The 
selection,  characterization  and  testing  of  the  S-1  virus  strain 
has  been  documented  in  previous  annual  progress  reports.  The 
parent  virus,  PR-159,  was  isolated  from  a  patient  with  benign 
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dengue  fever.  The  S-1  strain  was  obtained  by  clonal  selec¬ 
tion  of  a  small  plaque  variant  in  primary  monkey  kidney  cell 
culture  and  subsequent  serial  passage  in  diploid  fetal 
rhesus  lung  cells  DBS-FRhL-2.  The  vaccine  virus  is  tempera¬ 
ture  sensitive  and  less  virulent  for  mice  by  the  intracere¬ 
bral  route  than  the  parent  virus.  It  has  a  markedly  reduced 
ability  to  cause  viremia  in  rhesus  monkeys  and  chimpanzees 
compared  to  the  parent  virus  and  produced  no  CNS  disease  or 
inflammatory  lesion  in  rhesus  monkeys  when  injected  intracere- 
brally.  During  the  past  year,  the  vaccine  strain  has  been 
used  in  its  first  human  trial. 

2.  Methods 

a.  Volunteers 

Six  adult  males  who  were  knowledgeable  of  microbiological 
research  by  training  and  experience  volunteered  for  the  study. 
All  volunteers  were  thoroughly  briefed  on  the  procedure  and  the 
risks  of  the  study  and  each  signed  a  consent  form.  Each 
person  passed  a  complete  physical  examination  prior  to  the 
initiation  of  the  study. 

All  volunteers  had  received  yellow  fever  vaccinations  in 
the  past  (Table  1).  Four  men  had  previously  resided  for  3 
years  or  more  in  countries  with  endemic  dengue  and  one  person, 
G.R.,  in  retrospect,  had  a  history  of  a  dengue  type  4  infec¬ 
tion  in  1967.  None  of  the  volunteers  had  detectable  PRNT 
antibody  to  the  prototype  strains  of  dengue  types  1,2,  3  and 
4  at  a  serum  dilution  of  1:10. 

b.  Place  and  Time 

The  volunteers  were  housed  on  a  closed  research  ward  at 
the  United  States  Army  Research  Institute  of  Infectious  Diseases 
(USAMRIID),  Ft.  Detrick,  MD,  in  two  groups.  The  first  two 
recipients  (Group  A)  were  vaccinated  on  20  February  1978;  the 
next  recipients  (Group  B)  on  3  April  1978.  Volunteers  entered 
protective  isolation  48-72  hrs  prior  to  vaccination  and  re¬ 
mained  there  for  10  days  post-vaccination.  Volunteers  were 
restricted  to  the  ward  and  a  fenced  outdoor  courtyard  during 
the  period  of  isolation.  All  visitors  to  the  isolation  area 
wore  face  masks  to  reduce  the  risk  of  transmission  of  res¬ 
piratory  viruses  to  the  volunteers. 
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c.  Prequarantine  Studies 

Each  volunteer  had  a  complete  physical  examination  in¬ 
cluding  a  chest  xray  and  an  electrocardiogram.  Preliminary 
blood  studies  included  CBC,  platelet  count,  prothombin  time, 
activated  partial  thromboplastin  time,  thrombin  time,  BUN, 
creatinine,  SGOT,  SGPT,  LDH,  and  C3  level.  Values  were 
normal  for  each  volunteer.  Urinalysis  and  urinary  urobilino¬ 
gen  concentrations  were  also  normal.  In  addition,  the  volun¬ 
teers  had  no  detectable  hepatitis  B  surface  antigen  or  hepatitis 
B  surface  antibody  when  tested  by  radioimmunoassay. 

d.  Follow-up  Studies 

Each  volunteer  was  examined  daily  by  a  physician  for  10 
days  following  vaccination  and  at  least  twice  a  week  there¬ 
after  until  Day  ?1.  Oral  temperatures  were  taken  3  times  a 
day  for  at  least  10  days  after  vaccination  and  at  least  once 
a  day  thereafter.  Blood  pressure  were  measured  daily.  Blood 
samples  were  drawn  daily  to  Day  21  and,  later,  on  Days  30  and 
60  for  studies  of  viremia,  serological  responses  and  any  changes 
in  complete  blood  counts  or  serum  biochemistries  (Table  2). 
Urinalyses  were  done  on  even  numbered  study  days. 

e.  Vaccination  Administration 

The  vaccine  used  in  this  study  was  a  live,  attenuated 
dengue  type  2  virus  designated  DEN-2  (PR-159/S-1)  Lot  No.  1 
(Mfg  date  Jan  76)  prepared  by  the  Department  of  Biologies 
Research,  Walter  Reed  Army  Institute  of  Research.  The  parent 
virus  was  isolated  in  1969  from  a  patient  with  dengue  in  Puerto 
Rico.  The  vaccine  strain  has  two  useful  markers  of  attenuation 
in  vitro;  uniform  small  plaque  morphology  in  LLC-MK2  cell  culture 
and  inhibition  of  growth  at  39. 3C  (temperature  sensitivity). 

Vials  of  vaccine  were  selected  at  random  and  transferred 
on  wet  ice  to  the  isolation  ward  at  USAMRIID  before  resuspension 
in  3.0  ml  of  sterile  water  for  injection.  Each  volunteer 
received  0.5  ml  subcutaneously  in  the  upper  arm  on  the  morning 
of  Day  0.  The  unused  portion  of  vaccine  was  immediately  placed 
on  wet  ice  and  transported  to  WRAIR  for  immediate  virus  titra¬ 
tion. 


f.  Vaccine  Virus  Titration 

Samples  of  vaccine  were  titrated  by  plaque  assay  in  LLC-MK2 
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cells  at  35°C.  Vaccine  assays  were  initiated  within  3  hours 
after  the  vaccination.  The  observed  virus  titers  (Table  3) 
were  similar  to  those  previously  determined  for  this  vaccine. 

g.  Detection  of  Viremia 

Daily  plasma  samples  were  assayed  directly  on  LLC-MK2 
cell  monolayers  in  25  cm^  plastic  flasks.  Three  flasks  were 
inoculated  with  0.2  ml  of  plasma  each  and  incubated  at  35°C 
for  1-2  hours  to  allow  virus  adsorption.  After  washing,  two 

Table  2.  Schedule  of  Laboratory  Specimens 


Procedure 

Days  Tested 

Viremia 

0  to  21 

Serology 

0,4,7,10,14,17,21,30,60 

CBC,  platelet  count 

-3,  0  to  21 

Serum  Biochemistries* 

-3,0,2,4,6,8,10,12,14,16,18,20 

Serum  C3 

-3,  0  to  21 

Fibrin  split  products 

-3,  0  to  21 

Urinalysis 

- 7-KT7 - KTTTT 

-3,0,2,4,6,8,10,12,1^,16,18.20 

*SG(5T,  SGf’T,  LDH,  feUN.'TreatTrmie 


Table  3.  Dengue  2  Virus  Vaccine  Doses 


Volunteer 

Date  Used 

Virus  Titer/ 

Group 

0.5  ml  dose 

A 

20  Feb  78 

4.5  X  10^  pfu 

B 

3  Apr  78 

2.5  X  10^  Dfu 

flasks  received  fresh  nutrient  overlay  medium  for  direct  plaque 
assay;  one  flask  was  incubated  at  a  permissive  temperature  (350C) 
and  the  other  at  a  nonpermissive  temeprature  (39.3°C)  for  the 
vaccine  virus.  After  incubation  for  14  days,  the  flasks  received 


a  second  overlay  containing  neutral  red  stain  and  the  plaques 
were  counted. 

The  third  flask  was  incubated  with  liquid  nutrient  medium 
at  35°C  for  14  days  before  the  supernate  was  tested  for  virus 
by  plaque  assay. 

Circulating  monocytes  collected  daily  in  heparinized  blood 
were  separated  and  concentrated  in  Ficoll-Hypaque  gradients  and 
incubated  in  25  cm2  plastic  flasks  for  3  hours  at  350C.  After 
washing,  the  adherent  cells  were  maintained  in  fresh  medium  for 
5  days.  Daily  aliquots  of  each  monocyte  culture  were  tested  for 
virus  by  plaque  assay.  The  nonadherent  cells  were  cultured  for 
5  days  and  then  tested  for  virus  by  plaque  assay. 

3.  Results 

a.  Virus  Isolation 

Viremia  was  detected  in  five  of  the  six  volunteers.  Twenty- 
four  (24)  virus  isolates  were  recovered  from  plasma;  only  one 
was  obtained  by  direct  plaque  assay  (Table  4).  All  virus 
isolates  formed  uniform  small  plaques.  None  of  the  viruses 
tested  grew  at  39.30C.  No  virus  isolates  were  obtained  from  the 
monocyte  cultures. 

The  periods  of  viremia  began  8  days  (one  volunteer)  and 
9  days  (4  volunteers)  following  immunization  and  lasted  from 
one  to  10  days.  The  latest  virus  isolate  was  recovered  on 
Day  18  from  W.L.O. 

b.  Clinical  Response  to  Vaccination 

Each  volunteer  was  interviewed  and  examined  daily  by  a 
physician  until  Day  10  and  then  at  least  twice  a  week  until 
Day  21.  Daily  observations  were  recorded  on  a  check  list  and 
in  written  progress  notes. 

Before  vaccination,  MAU  was  found  to  have  a  small  lymph 
node  in  the  left  axilla  which  disappeared  by  Day  0.  He  was 
immunized  in  the  right  arm.  WHB  experienced  a  sore  throat 
from  Day  -1  to  +3.  The  other  volunteers  had  no  complaints  or 
notable  physical  findings  before  immunization. 

Only  one  volunteer  reported  discomfort  at  the  injection 
site.  WLO  complained  of  mild  localized  pruritus  with  focal 
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Table  4.  Characteristics  of  Virus  Isolates  from  Plasma 


Volun- 

Day  Post- 

Plaque  Virus^ 

Titer  at 

Identi  ty 

teer 

Vaccination 

Size 

irc — 

— wrrc 

on  PRNT^ 

FHT 

8 

$3 

6.2  X  10^ 

Nd4 

9 

S 

8.6  X  1Q3 

ND 

10 

S 

5.1  X  103 

ND 

11 

s 

3.1  X  10: 

ND, 

12 

s 

4.4  X  10^ 

0^ 

DEN-2 

13 

s 

6.9  X  102 

0 

DEN-2 

14 

s  ' 

5.8  X  102 

0 

DEN-2 

WLO 

9 

s 

1.1  X  10] 

ND 

10 

s 

1.2  X  103 

ND 

11 

s 

6.1  X  103 

ND 

12 

s 

1.0  X  102 

0 

DEN-2 

13 

s 

1.2  X  10  ‘ 

0 

DEN-2 

14 

s 

2.6  X  10^ 

ND 

18 

s 

1.4  X  102 

0 

WHB 

9 

s 

3.4  X  10^ 

0 

11 

s 

2.1  X  103 

0 

13 

s 

4.6  X  103 

0 

DEN-2 

14 

s 

6.3  X  10^ 

0 

DDB 

s 

2.5  X  loj} 

0 

11® 

s 

1.3  X  10; 

0 

11 

s 

1.5  X  10^ 

0 

12 

s 

5.3  X  lO; 

0 

13 

s 

4.0  X  10-^ 

0 

DEN-2 

MAU 

9 

s 

1.6  X  10^ 

0 

DEN-2 

^plaque  forming  units/0.2  ml  of  supernatant  from  14-clay  LLC- 
MK2  culture  with  liquid  medium 

2pRNT  used  antibody  to  New  Guinea  C,  Dengue  type  2 
^smal 1 

4not  determined 
^no  growth 

®Virus  isolate  by  direct  plaque  assay  in  LLC-MK2  cells.  All 
other  isolates  were  made  by  plaque  assay  of  supernatant  fluid 
from  14-day  cell  cultures  under  liquid  medium. 
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erythema  from  Day  1  to  3.  None  of  the  vaccinees  developed 
regional  lymph  node  enlargement. 

Four  volunteers  developed  symptoms  during  the  period  of 
viremia  which  might  be  attributed  to  dengue  virus  infection. 

The  complaints  included  headache  (3),  oral  temperature  ^.lOOF 
(2),  myalgia  (2),  fatigue  (2),  photophobia  (2),  eye  pain  (1), 
and  rash  (Vi.  MAD  developed  the  highest  temperature  (101. 8F). 
Each  of  the  five  viremic  volunteers  had  a  decline  in  leuko¬ 
cyte  count  after  the  onset  of  viremia;  four  individuals 
had  a  WBC  count  of  less  than  4000  and  were  considered  leuko¬ 
penic.  The  temporal  relationships  between  viremia,  fever  and 
leukopenia  are  illustrated  in  Figure  1.  The  response  of  each 
volunteer  was  the  following. 

1.  FHT  was  viremic  from  Day  8  to  14  but  remained 
afebrile  and  completely  asymptomatic  throughout  the 
study.  Leukopenia  was  present  from  Day  13  to  16. 

2.  MLO  experienced  mild  pruritus  and  slight  redness 
at  the  site  of  vaccine  inoculation  from  Day  1  to  3, 
but  did  not  develop  regional  lymph  node  enlargement. 
Throughout  the  first  10  days  of  study  he  experienced 
wide  daily  changes  in  temperature  with  peaks  between 
99  and  lobop.  Following  the  onset  of  viremia  on  Day  9 
his  daily  temperatures  fluctuated  at  a  slightly 
higher  range  and  reached  a  maximum  of  100. 4F  on  Day  15. 
On  Day  12  he  complained  of  mild  fatigue  and  photo¬ 
phobia.  On  Days  13  and  14  he  was  leukopenic. 

3.  GR  had  no  fever,  viremia  or  leukopenia.  His  only 
compTaint  was  fatigue  on  Day  15  which  he  attributed 
to  the  resumption  of  duties  after  the  period  of 
isolati  on. 

4.  WH^  remained  afebrile  throughout  the  study.  Viremia 
was  detected  from  Day  9  to  14.  He  complained  of  a 
bitemporal  headache  on  Days  9  and  10.  His  total 
leukocyte  count  tended  to  be  lower  than  the  others 
throughout  the  study.  On  Day  7,  the  WBC  count  was 
3600;  this  was  the  only  low  WBC  count  that  occurred 
before  the  onset  of  viremia.  Leukopenia  returned  from 
Day  15  to  21. 

5.  DDB  was  viremic  from  Day  9  to  13.  On  Day  12  he 
became  febrile  and  complained  of  mild  chills,  headache 
and  pain  in  the  shoulders,  knees  and  eyes.  His  tem¬ 
perature  reached  99. 8F  on  Day  12.  A  fine  erythema¬ 
tous  macular  rash  of  the  trunk  and  abdomen  which 
extended  into  the  axillae  was  observed  from  Day  12  to 
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17  (Figure  2).  The  rash  faded  completely  with 
light  pressure.  Petechiae  did  not  appear.  Leuko¬ 
penia  was  present  from  Day  14  to  17.  He  was  not 
too  ill  to  miss  work  despite  the  fever,  symptoms 
and  rash. 

6.  WAD  had  detectable  viremia  on  Day  9  only.  On 
the  evening  of  Day  10  his  temperature  was  lOOF  and 
reached  101.8  on  Day  11.  Medical  consultants 
decided  he  was  too  ill  to  return  to  work.  He 
reported  fatigue  on  Day  11  followed  by  headache, 
muscle  pain  and  photophobia.  Rash  and  lympho- 
denopathy  were  not  observed.  Following  the  onset  of 
fever  and  viremia  his  WBC  count  dropped  to  4000  on 
Day  11,  but  not  low  enough  to  be  considered  leuko¬ 
penia. 

None  of  the  volunteers  complained  of  vomiting,  diarrhea, 
abdominal  pain,  epistaxis  or  melena.  No  one  developed 
petechiae,  regional  or  generalized  lymph  node  enlargement, 
abdominal  tenderness,  hepatomegaly,  splenomegaly  or  con¬ 
junctional  suffusion. 

There  was  a  tendency  for  a  reduction  in  systolic  and  dia¬ 
stolic  blood  pressure  during  the  10  days  of  isolation  but 
no  narrowing  of  pulse  pressure.  Pulse  rates  rose  during 
periods  of  fever.  There  were  no  changes  or  abnormal  values  in 
platelet  counts,  hemoglobin,  hematocrit,  serum  biochemistries 
or  serum  complement  values  which  could  be  attributed  to  the 
vaccine.  Daily  determinations  of  fibrin  split  products  were 
uniformly  negative.  Urinalyses  were  normal  throughout  the 
study  for  all  volunteers. 

c.  Antibody  Response  to  Dengue  2  Vaccine 

Antibody  responses  to  immunization  were  measured  by  hemagglu¬ 
tination  inhibition  (HI),  complement  fixation  (CF)  and  plaque 
reduction  neutralization  tests  (PRNT).  The  prototoye  strains 
of  flavi viruses  used  for  these  tests,  included  dengue  type  1, 
Hawaii;  dengue  type  2,  New  Guinea-C;  dengue  type  3,  H-87; 
dengue  type  4,  H-241 ;  Japanese  encephalitis,  Ml/311;  and  yellow 
fever,  17-D.  HI  tests  were  done  using  8  units  of  suckling 
mouse  brain  antigen;  CF  tests  used  4  units  of  sucrose-acetone 
extracted  antigens. 

Plaque  reduction  neutralization  tests  were  performed  by 
mixing  equal  volumes  of  serum  and  virus  to  get  a  final 
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concentration  of  30-100  pfu/0.1  ml.  Virus-serum  mixtures  were 
incubated  at  360C  for  30  minutes  (vaccine  virus,  S-1  and  vac¬ 
cine  parent  virus,  PR-159)  and  60  minutes  for  the  prototype 
dengue  strains.  Cells  were  washed  and  overlaid  with  agar.  The 
plaques  were  counted  after  7  days.  Neutralizing  antibody  titers 
were  determined  by  calculating  the  serum  dilution  that  would 
give  a  50%  plaque  reduction  endpoint. 

The  five  viremic  volunteers  developed  four-fold  or  greater 
HI  and  PRNT  antibody  titers  to  DEN-2  (Figure  3).  All  but  MAU 
also  developed  CF  antibody.  The  broadly  reactive  HI  antibody 
was  typical  of  a  recent  dengue  infection  in  people  with  hetero¬ 
typic  flavivirus  immunity.  In  general,  the  highest  DEN-2 
antibody  titers  were  found  in  the  people  with  the  greatest 
time  interval  since  the  last  YF  vaccination  (Table  5). 

Volunteer  GR  was  found  to  have  PRNT  antibody  on  Day  0 
to  the  vaccine  parent  strain  PR-159  but  not  the  prototype  New 
Guinea-C.  He  showed  the  least  antibody  response  to  vaccination 
of  any  of  the  volunteers.  There  was  no  increase  in  neutra¬ 
lizing  antibody  to  dengue  virus  and  but  minimal  rises  in  HI 
and  CF  antibody;  responses  which  might  have  resulted  from 
exposure  to  a  nonreplicating  antigen  in  the  presence  of 
neutralizing  antibody.  The  absence  of  symptoms  and  viremia 
combined  with  the  poor  antibody  response  indicate  GR  may 
not  have  been  infected  by  the  DEN-2  vaccine. 

The  PRNT  antibody  titers  to  the  vaccine  virus.  S-1,  and 
the  parent  strain,  PR-159,  were  nearly  identical  (Table  6). 

A  greater  difference  was  found  between  the  titers  to  PR- 159 
and  the  prototype  New  Guinea-C  (NG-C).  Detailed  results  of  all 
laboratory  tests  for  each  volunteer  are  provided  in  Tables  7-21. 

4.  Discussion 

This  study  demonstrated  that  an  infectious  dose  of  10 
virus  particles  infected  all  five  susceptible  recipients. 

Despite  the  appearance  of  viremia  in  five  people  and  mild 
febrile  illness  in  two  people,  no  evidence  was  found  of 
reversion  of  virus  to  virulence  in  vitro.  The  broadly 
reactive  immune  responses  were  expected  in  people  with  hetero¬ 
typic  flavivirus  antibody.  It  is  possible  that  equivalent 
antibody  responses  could  have  been  obtained  with  fewer  symptoms 
if  a  lower  dosage  had  been  used.  The  S-1  vaccine  is  sufficient¬ 
ly  safe  and  immunogenic  as  to  warrant  testing  of  equal  or  lower 
dosages  in  additional  human  volunteers. 
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Table  5. 


Relationship  of  Time  Interval  Between 
Flavivirus  Vaccines  and  DEN-2  Antibody 
T  i  ter 


Volunteer 

Months  Since  DEN-2 

YF  Vaccine  Viremia 

Dengue  2  Antibody  Titer  at  30 

cr 

NG-C 

TTf 

NG-C 

TMT 

NG-C 

TWr 

PR  159 

1 

+ 

<6 

So 

49 

60 

FHT 

21 

+ 

64 

640 

70 

140 

DDB 

48 

4- 

64 

160 

83 

160 

GR 

105 

0 

8 

40 

<10 

20 

WHB 

115 

+ 

256 

2560 

125 

350 

WLO* 

196 

4 

512 

2560 

120 

400 

‘Febrile  volunteers 

Table  6. 

PRNT  Titers*  of 

nrN-2 

Vaccine  Recipients 

Vol.  Study 

DEN-2 

OEN-1 

DEN-3 

■T5FN'-4 

Day 

Vaccine 

Parent 

Prototype 

Hawaii 

(H-87) 

(H-241) 

Vi  rus 

Virus 

(NG-C) 

(S-1) 

(PR-159) 

FWf  0 

<10 

<10 

<10 

<10 

<10 

30 

140 

70 

66 

16 

86 

60 

140 

140 

WLO  0 

<10 

<10 

<10 

<10 

<10 

30 

400 

120 

220 

60 

220 

60 

210 

230 

GR  0 

20 

<10 

33 

<10 

19 

30 

20 

<10 

30 

<10 

20 

60 

40 

20 

WHB  0 

<10 

<10 

<10 

<10 

<10 

30 

350 

125 

250 

75 

270 

60 

850 

500 

DDB  0 

<10 

<10 

<10 

<10 

<10 

30 

160 

83 

170 

40 

140 

60 

120 

inn 

MAU  0 

<10 

<10 

<10 

<10 

<10 

30 

60 

49 

33 

10 

30 

60 

80 

60 

*^eciprocaT  of  the  serum  diTutu.ii  resuTtTnq  in  TTOf  pTaque  reduction 
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Fig.  la.  Relationship  of  temperature  and  total  leuko¬ 
cyte  (WBC)  count  to  viremia  in  recipients 
of  dengue  2  vaccine.  Dotted  line  represents 
98,6°F.  Horizontal  bars  indicate  the  days 
tested.  Shaded  areas  indicate  the  days 
of  leukopenia  (total  WBC  <4000/mm3)  and  virus 
isolation  from  plasma. 
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Fig,  3a,  Dengue  2  antibody  responses  to  a  live  dengue  2 
vaccine  given  on  Day  0.  HI  hemagglutination 
inhibition;  CF  is  complement  fixation;  PRNT  is 
plaque  reduction  neutralization  test. 


■  Table  7 


Henatocrit  1*0 


Day 

Grouo 

.A 

Grouo  B 

FHT 

WLO 

GR 

WHB 

DDB 

MAU 

Screen 

41.7 

48.6 

43.1 

43.1 

44.0 

46.5 

-3 

43.5 

50.6 

ND* 

48 . 4 

45.6 

41.6 

-2 

ND 

ND 

41.9 

ND 

ND 

ND 

0 

43.6 

48.2 

44.  2 

45.1 

45.4 

42.3 

1 

43.0 

47.8 

45.0 

44.3 

45.9 

41.8 

2 

43.1 

41.9 

41.9 

48.1 

46.9 

44.3 

3 

40 . 3 

44.3 

42.8 

45.3 

46.3 

43.1 

4 

40.1 

44  .  5 

42.  1 

45.2 

43.0 

42.8 

S 

42.0 

46.0 

38.3 

42.3 

40.4 

40.1 

6 

43.0 

46.0 

42.6 

44.4 

42.9 

42.4 

7 

39.1 

44.2 

40.5 

43.2 

44.5 

43.4 

8 

38.  S 

43.9 

42.5 

45.3 

44.1 

40.1 

9 

39.7 

42.5 

39.1 

42.3 

40.1 

1  39.6  1 

10 

41.1 

46.1 

41.2 

43.9 

42.5 

39.3 

11 

39.3 

44.  5 

39.2 

44.7 

40.4 

41.5 

12 

42.0 

43.2 

39.6 

51.8 

43.1 

44.4 

13 

41.0 

42.9 

39.6 

45.2 

44.3 

43.3 

14 

43.5 

45.9 

43.9  1 

45.3 

1  43.9 

41.3 

IS 

40. 6 

43.5 

39  .  4 

44 . 4 

42.3 

41.3 

16 

40.7 

46.8 

36.8 

44  .  3 

40.4 

38.7 

17 

41.3 

47.0 

39.9 

42.9 

41.6 

39 . 2 

13 

38.9 

45.2 

38.6 

37  .  8 

41.7 

40 . 4 

19 

41.2 

42.4 

43.8 

46.0 

46.0 

40.0 

20 

40.9 

42.3 

40.9 

46.4 

41.4 

39.4 

NO 

4  2.0 

39 . 9 

43  .  0 

40.3 

42.3 

*  Not  detertiineJ 


Tabic  8 


Total  WBC  Count  (XIOOO)* 


.  Table  9 


Platelet  Counts  (XIOOO) 


*  Not  detsrniined 


Table  11 


Serum  SCOT* 


Day 

tirouT)  i 

1 

Group 

B 

FHT 

WLO 

GR 

WHB 

DDB 

NUU 

Screen 

10.0 

12.0 

10.0 

IS.O 

10.0 

3.0 

0 

4.3 

S.O 

12.0 

12.0 

9.0 

8.0 

2 

7.2 

9.6 

S.2 

6.2 

0.9 

6.2 

4 

4.0 

7.0 

8.6 

12.0 

8.6 

lO.O 

6 

3.8 

8.2 

11.0 

S.l 

13.9 

3.6 

3 

8.0 

14.0 

S.2 

6.2 

7.6 

6.2 

\  1 

10 

3.0 

9.0 

IS. 3 

IS. 8 

20.6 

11.0 

12 

7.0 

10.0 

ll.O 

12.0 

24 . 4 

0-1  \ 

14 

4.0 

8.0 

10.0 

23.0  1 

7.2 

16.3 

16 

6.0 

7.0 

6.7 

10. 0 

3.3 

lO.  0 

18 

4.0 

6.0  1 

10.0 

3.6 

3.8 

6 .  ; 

20 

S.O 

6.0 

lu.O 

10. 0 

7.0 

S.O 

•  Normal  values:  0-13  lu/L 


Table  12  Serum  SoPT* 


Table  13 


be  rum 


••  Not  determined 


GrouD  B 


WHB  UDB  MAU 


67 

77 

260 

53 

34 

77 


67 

NB** 

57 


60 

77 

70 

33 

53 

49 


163 

67 

ND 

6" 


30 

34 

160 

43 

62 

120 

I  I 
45 

7  6 

105 

53 

SD 


lU/L 


Table  i* 


Blood  Urea  Nitrogen' 


*  Nomal  values:  0.7-1. 4  mg/dl 
•*  .Not  determined 


Table  16  .  HI  and  CF*  Antibody  Responses 
of  Volunteer  F.H.T. 


DAY  Mouse  Brain  Antigens** 


DEN-1 

DEN- 

■2 

DEN- 

•3 

DEN-4 

JE 

YF 

0 

<1C*** 

<10 

<10 

<10 

<10 

<10 

4 

<10 

<10 

<10 

<10 

<10 

<10 

7 

<10 

<10 

<10 

<10 

<10 

<10 

10 

<10 

<10 

<10 

<10 

<10 

<10 

14 

<10 

<10 

(<8) 

<10 

(<8) 

<10 

<10 

<10 

17 

<10 

10 

(<8) 

20 

(<8) 

10 

20 

20 

21 

160 

640 

(64) 

640 

(32) 

1280 

1280 

2560 

30 

320 

640 

(64) 

640 

(32) 

2560 

1280 

5120 

60 

80 

160 

(16) 

80 

640 

1280 

160 

*CF  titers  enclosed  in  parentheses. 

**Antigens  were  prepared  to  prototype  viruses. 

***Reciprocal  serum  dilution 


'A  27 


Table  17 .  HI  and  CF* **  Antibody  Responses 
of  Volunteer  W.L.O. 


DAY  Mouse  Brain  Antigens** 


DEN-1 

DEN-2 

DEN- 3 

DEN-4 

JE 

YF 

0 

<10  *** 

<10 

<10 

<10 

10 

40 

4 

<10 

<10 

<10 

<10 

10 

40 

7 

<10 

<10 

<10 

<10 

10 

40 

10 

<10 

10 

<10 

<10 

10 

40 

14 

<10 

10  (<8) 

<10  (<8) 

10 

20 

80 

17 

640 

640  (256) 

2560  (256) 

10240 

20480 

10240 

21 

2560 

2560  (512) 

5120  (256) 

10240 

20480 

20480 

30 

1280 

2560  (512) 

2560  (256) 

10240 

20480 

20480 

60 

320 

640  (  32) 

160 

2560 

640 

640 

*CF  titers  enclosed  in  parentheses. 

**Antlgens  were  prepared  to  prototype  viruses. 

***Reciprocal  serum  dilution 


Table  18 .  HI  and  CF*  Antibody  Responses 
of  Volunteer  G.R. 


DAY  Mouse  Brain  Antigens** 


DEN-1 

DEN-2 

DEN- 3 

DEN-4 

JE 

YF 

0 

<10*** 

<10 

20 

40 

40 

80 

7 

<10 

<10 

<10 

40 

40 

40 

10 

40 

<10 

20 

80 

40 

80 

14 

40 

<10  (<8) 

20 

20 

160 

160 

17 

40 

40  (<8) 

20 

80 

160 

80 

21 

80 

o 

A 

00 

20 

80 

160 

80 

30 

40 

40  (  8) 

20 

160 

160 

80 

60  20  (<4) 


*CF  titers  are  enclosed  in  parentheses. 

**Antlgens  were  prepared  to  prototype  viruses. 

***Reclprocal  serum  dilution 


329 


Table  19.  HI  and  CF* **  Antibody  Responses 
of  Volunteer  U.H.B. 


DAY  Mouse  Brain  Antigens** 


DEN-1 

DEN- 

■2 

DEN- 3 

DEN-4 

JE 

YF 

0 

<10*** 

<10 

<10 

<10 

<10 

<10 

7 

<10 

<10 

<10 

<10 

<10 

<10 

10 

<10 

<10 

<10 

<10 

<10 

<10 

14 

<10 

<10 

(<8) 

<10 

<10 

<10 

<10 

17 

40 

<10 

(<8) 

<10 

<10 

<10 

<10 

21 

80 

80 

(<8) 

80 

160 

640 

160 

30 

640 

2560 

(256) 

2560 

5120 

5120 

2560 

60  320  (  16) 


*CF  titers  enclosed  in  parentheses. 

**Antigens  were  prepared  to  prototype  viruses. 

***Reciprocal  serum  dilution 


1 


Table  20-  HI  and  CF*  Antibody  Responses 
of  Volunteer  D.D.B. 


DAY 

Mouse 

Brain  Antigens** 

DEN-1 

DEN- 2 

DEN- 3 

DEN-4 

JE 

YF 

0 

<10*** 

<10 

<10 

<10 

<10 

<10 

7 

<10 

<10 

<10 

<10 

<10 

<10 

10 

<10 

<10 

<10 

<10 

<10 

<10 

14 

<10 

<10  (<8) 

<10 

<10 

<10 

<10 

17 

<10 

160  (<8) 

160 

640 

320 

320 

21 

320 

640  (64) 

320 

5120 

20480 

2560 

30 

160 

160  (64) 

640 

2560 

1280 

640 

60 

80  (  8) 

*CF 

titers 

enclosed  in 

parentheses. 

**Antlgens  were  prepared  to  prototype  viruses. 
★★★Reciprocal  serum  dilution 


1 


c 


I  V*  i  ^  •  -S 


3f 


Table  21-  HI  and  Cl’* **  Antibody  Responses 
of  Volunteer  M.A.U. 


DEN-1 

DEN-2 

DEN- 3 

DEN-4 

JE 

YF 

0 

<10*** 

<10 

<10 

<10 

<10 

<10 

7 

<10 

<10 

<10 

<10 

<10 

<10 

10 

<10 

<10 

<10 

<10 

<10 

<10 

14 

<10 

<10  (<8) 

'  iO 

<10 

<10 

20 

17 

<10 

<10  (<8) 

<10 

20 

<10 

20 

21 

40 

80  (<8) 

40 

320 

160 

160 

30 

80 

80  (<8) 

160 

640 

160 

160 

60 

<10  (<4) 

*CF  titers  enclosed  in  parentheses. 

**Antlgens  were  prepared  to  prototype  viruses. 

★★★Reciprocal  serum  dilution 


B.  Effect  of  immunization  with  live  dengue  type  2 
vaccine  virus  on  yellow  fever  neutralization  antibody  titers. 

Yellow  fever  plaque  reduction  neutralization  tests 
were  carried  out  to  determine  the  quantitative  effects  of  a 
live  DEN-2  vaccine  virus  on  antibodies  specific  for  the  sero¬ 
logically  related  yellow  fever  virus.  All  individuals  had 
been  immunized  previously  with  live  yellow  fever  vaccine  virus. 
The  HI  test  results,  presented  in  the  previous  section,  showed 
a  considerable  rise  in  titer  to  the  flavivirus  antigens  that 
were  used  (JE,  YF,  and  DEN),  and  point  out  that  the  HI  test 
is  non-specific  and  measures  flavivirus  group-reactive  anti¬ 
bodies.  While  two  individuals  had  pre-existing  YF  HI  antibodies 
(Tables  17,18),  all  six  had  pre-existing  yellow  fever  neutra¬ 
lizing  antibodies  (Table  22);  essentially  no  change  in  titer 
of  yellow  fever  PRNT  antibodies  was  observed  by  Day  30,  a 
period  of  time  where  dengue  PRNT  antibodies  had  risen  con¬ 
siderably  (compare  Table  5  to  Table  22). 


Table  22.  Yellow  Fever  Neutralization  (PRNT)  and 
Hemagglutination-Inhibition  (HI)  Titers  of 
Sera  from  6  Volunteers  Immunized  with  Live  DEN-2  Vaccine 


Volun¬ 

Months  since 

VF 

PRNT 

YF 

HI 

teer 

YF  Immunization 

^ay  0 

Day  30 

Day  0 

Day  ^ 

MAU 

3 

160 

320 

<10 

160 

FHT 

21 

72 

90 

-10 

5120 

DDB 

48 

22 

36 

<10 

640 

GR 

105 

80 

70 

80 

80 

WHB 

115 

23 

40 

<10 

2560 

WLO 

196 

70 

90 

40 

20480 

The  individual  with  the  highest  YF  neutralizing  antibody  titer 
was  the  most  recent  recipient  of  yellow  fever  vaccine  (Table  22) 
and  the  only  individual  to  become  ill  following  immunization 
with  the  dengue  vaccine.  Temporal  relationships  between  time 
of  exposure  to  various  flavi viruses  and  severity  of  disease 
are  not  yet  understood.  One  possible  mechanism  is  "infection 
enhancement"  with  critical  levels  of  closely  related  heterotypic 
antibody  as  described  by  Halstead  and  described  in  the  previous 
annual  report. 


•?  ■>  ? 


C.  Qualitative  differences  in  the  complement  fixing  (CF) 
antibody  response  to  the  dengue  2  live  virus  vaccine  and  to 
wild  dengue  infections. 

The  CF  antibody  responses  in  clinical  dengue  cases  are 
measured  in  this  laboratory  with  high-speed  supernatant 
fluids  of  20%  infected  mouse  brain  suspensions.  CF  titers 
of  sera  from  primary  dengue  cases  are  as  high  as  1:128;  and 
as  high  as  1:2048  in  sera  from  secondary  cases  of  dengue 
(previous  annual  reports).  The  sera  from  the  volunteers 
infected  with  the  attenuated  dengue  2  vaccine  virus  did  not 
produce  CF  antibodies  reactive  with  the  crude  antigen.  The 
sera  were  tested  again  with  a  solvent  extracted  antigen  pre¬ 
pared  by  the  sucrose  acetone  method  of  Clarke  and  Casals  (1958). 
The  CF  titers  obtained  with  this  antigen  were  presented  in  a 
previous  section  of  this  report,  and  were  as  high  as  1:512. 

The  sucrose  acetone  antigen  is  rich  in  virion  structural 
components  (hemagglutinins)  while  the  crude  antigen  contains 
all  of  the  virus  specified  products,  both  structural  and 
nonstructural  antigens.  Thus,  individuals  infected  with  the 
vaccine  virus  may  have  produced  antibodies  to  the  virion  struc¬ 
tural  antigens  whereas  individuals  exhibiting  clinical  symptoms 
from  infection  with  a  wild  virus  produce  antibodies  to  both 
structural  and  nonstructural  antigens.  Lysis  of  infected 
cells  in  classical  dengue  may  be  the  source  of  the  increased 
number  of  viral  immunogens  to  which  the  host  produces  anti¬ 
bodies 

0.  Effect  of  dengue-2  virus  passage  history  on  the  suscep¬ 
tibility  of  human  monocytes  to  productive  infection  in  vitro 
and  ability  of  monocytes  to  support  replication  after  infecti on 
in  vivo. 

1.  Background 

The  replication  in  human  monocytes  of  dengue-2  virus  and 
an  attenuated  live  virus  vaccine  candidate  derived  from  it, 
was  described  in  the  previous  annual  report.  Briefly,  the 
two  viruses  which  appear  to  be  identical  antigenical  ly ,  can 
be  differentiated  easily  from  one  another  biologically:  1.  the 
parent  virus  produces  a  mixture  of  large  and  small  plaques  on 
LLC-MK2  monolayers,  while  the  vaccine  candidate  produces  only 
small  plaques  and  is,  therefore,  designated  as  a  small  plaque 
(SP)  clone;  2.  the  parent  virus  replicated  at  39  C  while  the 
SP  clone  is  restricted  at  this  temperature;  3.  the  parent  virus 
produces  viremia  in  primates  while  the  SP  clone  produces  little 


if  any  viremia;  4.  the  parent  virus  at  low  concentrations  is 
lethal  for  suckling  mice  by  the  intracerebral  route  while 
the  SP  clone  is  not  lethal;  5.  in  human  monocytes  the  parent 
virus  replicated  rapidly  to  high  titer  while  the  SP  clone 
replicated  to  a  low  titer  in  a  delayed  manner  or  it  did 
not  replicate  at  all. 

The  viruses  were  propagated  in  primary  African  green 
monkey  kidney  (GMK)  cells  certified  for  the  production  of 
vaccines.  However,  a  position  was  developed  by  the  Bureau 
of  Biolooics  that  a  product  from  GMK  cells,  while  appropriate 
for  oral  administration  (i.e.,  live  attenuated  polio  virus), 
was  not  appropriate  for  parenteral  administration  due  to 
the  possible  inoculation  of  unknown  carrier  agents  into 
susceptible  tissue.  A  diploid  cell  line  derived  from  fetal 
rhesus  lung  (FRhL)  was  characterized  and  certified  by  Bureau 
scientists  as  acceptable  for  production  of  a  live  attenuated 
product  for  parenteral  inoculation. 

Passage  of  the  GMK  propagated  viruses  into  FRhL  cells  was 
described  in  the  previous  Annual  Report.  It  was  found  that 
the  FRhL  cell  propagated  SP  clone  retained  the  first  4 
characteristics  listed  above  (produced  small  plaques,  was  tem¬ 
perature  sensitive,  did  not  produce  viremia  in  sub-human 
primates,  or  kill  suckling  mice).  During  the  past  year,  we 
found  that  the  FRhL  propagated  SP  virus  regained  the  ability 
to  replicate  in  human  monocytes  jji  yitro  in  the  same  manner 
as  the  wild  virus.  However,  when  thfc~5P  clone  was  inoculated 
into  human  volunteers,  it  did  not  infect  monocytes  in  vi vo 
as  did  the  wild  virus,  a  result  predicted  with  the~^MK  passaged 
SP  virus,  but  not  predictable  with  the  FRhL  passaged  SP  virus. 

2.  Methods 

Priot  to  inoculation  with  the  live  dengue  type  2  virus 
vaccine  in  Study  No.  1,  10  ml  of  blood  was  taken  from  each  of 
the  6  human  volunteers  with  a  commercial  vacuum  tube  containing 
143  units  of  preservative-free  dried  heparin  (green  top  vacu- 
tainer).  The  blood  was  centrifuged  at  750  x  g  for  10  minutes 
at  4  C  and  the  plasma  was  removed  immediately  (4  ml)  and 
replaced  with  the  same  volume  of  Puck's  saline  containing  0.0025 
M  LOTA  and  0.01  M  Hepes  buffer.  The  tubes  were  transported 
from  DSAMRIID  to  WRAIR  where  the  10  ml  blood  mixture  was  diluted 
to  25  ml  in  a  50  ml  plastic  conical  centrifuge  tube  with  Ca  and 
Mo  free  Hanks'  balanced  salt  solution  containing  EDTA  and 
Hopes  buffer;  15  ml  of  ficoll  hypague  (sp.  gr.  1.077)  was 


injected  underneath  each  sample  and  the  tubes  were  centrifuged 
at  350  X  g  for  40  minutes  at  room  temperature.  The  white  cell 
band  was  collected,  washed,  and  separated  into  adherent  and 
nonadhereht  cells  as  described  in  the  previous  annual  report. 

The  adherent  cells  (monocytes  or  mononuclear  phagocytes)  in  25 
cm^  flasks  were  infected  with  an  aliquot  of  the  live  virus 
vaccine  as  well  as  the  parent  virus  from  which  it  was  derived. 

The  inoculum  was  removed  and  residual  virus  was  decreased 
to  the  indicated  background  levels  by  rinsing  the  growth  sur¬ 
face  of  the  culture  flask  several  times.  Six  ml  of  growth 
medium  (RPMI  1640  containing  10%  fetal  bovine  serum,  Hepes 
buffer  and  antibiotics)  was  placed  in  the  flasks  and  1  ml 
was  removed  immediately  for  a  0  time  sample.  Daily  samples  of 
1  ml  each  were  removed  and  replaced  with  fresh  medium  for  5 
days.  Virus  produced  by  the  monocytes  was  measured  by  plaque 
assay  in  LLC-MK2  cells. 

After  the  volunteers  were  inoculated  with  the  live  virus 
vaccine,  10  ml  of  blood  was  drawn  as  above  for  21  days.  The 
plasma  was  saved  for  virus  isolation  and  the  adherent  cells 
were  assayed  by  the  infectious  center  method  to  determine 
the  presence  of  infected  monocytes.  Between  1.8  to  6.3  x  10^ 
adherent  cells  were  overlaid  with  sufficient  LLC-MK2  cells  to 
form  a  confluent  monolayer  in  24  hours;  the  following  morning 
they  received  an  agar  overlay.  Another  method  used  to  detect 
infected  monocytes  from  the  volunteers  was  to  culture  the  adher¬ 
ent  cells  for  5  days  and  remove  samples  of  supernatant  fluid 
daily.  These  samples  were  tested  for  infectious  virus  by 
plaque  assay  on  LLC-MK2  cells.  Based  on  in  vitro  studies  and 
results  from  the  first  two  volunteers,  monocyte  cultures  from 
the  second  group  were  tested  for  infectious  virus  only  after 
5  days  of  culture. 

Nonadherent  cells  (lymphocytes)  from  the  second  group  of 
volunteers  were  also  tested  for  virus.  The  lymphocytes  were 
cultured  for  5  days  at  which  time  the  mixture  of  suspended 
cells  and  media  was  frozen  at  -70  C  until  tested  for  virus  by 
plaque  assay. 

3.  Results 

The  replication  of  the  parent  D-2  virus  and  the  FRhL  SP  clone 
vaccine  was  determined  in  the  preimmunization  monocytes  from 
3  volunteers  (FHT,  WLO,  and  WHB).  The  vaccine  virus  replicated 
to  as  high  if  not  higher  titer  than  the  parent  virus  (Figure  4). 


The  l-day  delay  in  vaccine  virus  replication  was  probably 
due  to  the  lower  titer  of  vaccine  virus  inoculum.  This 
reasoning  was  supported  in  the  next  experiment  where  the 
parent  virus  inoculum  was  diluted  down  to  the  same  potency 
as  the  vaccine  virus  inoculum  (  Fig.  5  ).  The  replication 
of  both  viruses  was  similar  in  the  preimmunization  monocytes 
from  2  other  volunteers  (MAD  and  GR).  Monocytes  from  the  6th 
volunteer  (DDB)  did  not  support  replication  of  either  the 
parent  or  the  vaccine  virus.  Out  of  the  23  donors  tested  up 
to  the  present  time  (see  previous  annual  report)  we  now  have 
found  only  2  individuals  whose  monocytes  will  not  support 
replication  of  at  least  the  parent  virus. 

The  replication  of  FRhL  passaged  small  plaque  vaccine 
virus  in  human  monocytes  was  unexpected  since  it  retained  the 
other  characteristics  described  for  the  previous  passages  of 
this  virus  in  GMK  cells.  In  order  to  confirm  this  distinction, 
the  GMK  passaged  vaccine  virus  and  the  FRhL  passaged  vaccine 
virus  were  inoculated  onto  replicate  monocyte  cultures  from 
the  same  donor  (WHB).  The  experiment  was  biased  toward  the 
replication  of  the  GMK  passaged  virus  with  the  use  of  a  slight¬ 
ly  higher  titered  inoculum.  The  results  in  Figure  6  clearly 
show  that  the  GMK  passaged  vaccine  virus  did  not  replicate  in 
human  monocytes  iji  vitro  whereas  the  FRhL  passaged  virus  again 
replicated  to  a  titer  comparable  to  wild  virus.  The  FRhL 
passaged  virus,  however,  did  not  appear  to  infect  monocytes 
in  vivo. 


4.  Discussion 

Even  though  very  small  quantities  of  vaccine  virus  was 
found  in  the  plasma,  no  virus  was  recovered  from  the  monocytes 
cultured  from  the  volunteers  during  the  21-day  period  that 
blood  was  drawn.  In  wild  dengue  infections,  virus  was  obtained 
from  the  monocytes  of  infected  individuals  more  readily  than 
from  plasma.  The  prediction  of  the  monocyte  being  one  o'^  the 
cells  that  is  not  susceptible  to  vaccine  virus  in  vivo  was 
based  on  results  with  the  GMK  passaged  virus. 

The  reasons  for  the  replication  of  the  FRhL  passaged  virus 
in  vitro  has  yet  to  be  determined.  It  is  known  that  the  mono¬ 
cyte  attached  to  a  culture  vessel  exists  in  a  different  phy¬ 
siological  state  and  is  referred  to  as  a  "stimulated  monocyte." 
The  susceptibility  of  monocytes  in  vi tro  to  parent  and  FRhL 
vaccine  virus  will  be  tested  by  infecting  them  in  suspension 
and  then  sampling  them  from  suspension  cultures  as  well  as 
adherent  cultures  prepared  post-infection. 


E.  Identification  of  Dengue  Viruses  from  the  Caribbean 
by  Plaque  Reduction  Neutralization  Test. 

1.  Background 

The  introduction  of  dengue  type  1  virus  to  the  Caribbean 
in  1977  caused  widespread  disease  in  a  near  totally  susceptible 
population.  Since  dengue  types  2  and  3  were  already  present 
in  the  region,  description  of  the  epidemiology  of  dengue  type  1 
disease  required  a  reliable  and  precise  means  for  differen¬ 
tiating  viral  serotypes.  A  combination  of  virus  amplifica¬ 
tion  in  cell  culture,  plaque  assay  and  plaque  reduction  neutra¬ 
lization  test  provided  a  useful  procedure  for  virus  isolation  and 
a  highly  reliable  and  specific  method  for  serotype  identifica- 
ti  on. 


2.  Methods 

a.  Sources  of  Viruses 

Acute  serum  specimens  were  collected  by  PAHO-sponsored 
field  teams  in  Jamaica  and  the  Bahamas  or  referred  by  investiga¬ 
tors  in  Cuba  and  Puerto  Rico.  Viruses  isolated  in  Aedes  pseudo- 
scuttellaris  cell  cultures  were  submitted  in  the  form  of  infected 
cell  culture  fluids  by  the  Caribbean  Epidemiologic  Center  in 
Trinidad.  Viruses  isolated  by  inoculation  of  Aedes  aeqypti  were 
submitted  as  pools  of  whole  mosquitoes  by  the  San  Juan  Labora¬ 
tory  in  Puerto  Rico.  All  specimens  were  originally  collected 
between  10  July  1977  and  19  January  1978. 

b.  Virus  Amplification  by  Passage  in  LLC-MK^  Cells 

Each  diagnostic  sample  was  carried  through  at  least  one 
passage  in  LLC-MK2  cells  under  liquid  medium  in  order  to  amplify 
the  virus  titer.  In  this  step,  0.2  ml  of  the  original  sample 
was  allowed  to  adsorb  to  a  confluent  cell  monolayer  at  35^0 
for  one  to  two  hours.  To  this  was  added  5.0  ml  of  medium  199 
containing  2%  fetal  bovine  serum,  100  units/ml  penicillin  and 
100  mcg/ml  of  streptomycin.  Seven  days  post  inoculation,  the 
medium  was  removed  and  stored  at  -70OC  until  it  was  tested  by 
plaque  assay.  Fresh  medium  was  placed  on  the  monolayer  until 
14  days  post-inoculation  at  which  time  the  medium  was  removed, 
the  cells  were  frozen  and  thawed,  and  then  suspended  in  the 
same  medium.  Samples  harvested  in  this  manner  were  centrifuged 
at  350  X  g  for  10  min  and  stored  at  -70OC  until  tested  for  virus 
by  plaque  assay.  If  no  virus  was  detected,  the  amplification 


step  under  liquid  medium  was  repeated  by  inoculating  the  14-day 
cell  culture  harvest  from  the  previous  passage.  Specimens  were 
considered  to  be  negative  only  when  no  virus  was  detected  after 
three  successive  passages  under  liquid  medium. 

c.  Plaque  Assay 

For  the  plaque  assay  (Eckels  et  al.,  1976),  serial  10-fold 
dilutions  were  made  of  the  sample  to  be  tested  and  0.2  ml 
of  each  dilution  was  allowed  to  adsorb  to  the  ceil  monolayers 
for  one  hour  at  350C.  Each  monolayer  was  then  overlaid  with  7.0 
ml  of  an  enriched  medium  containing  1%  purified  agar  at  44°C 
(Table  23).  After  incubation  for  6  days  at  350C,  the  flasks  were 


Table  23.  Prepa ration  of  First  Over lay  Medium 


A. 

Agar  Portion 

1. 

Difco  agar  purified 

1.0 

gm 

2. 

Double  distilled  water 

74 

ml 

B. 

Nutrient  Protion 

1. 

Medium  199  (10  X) 

10 

ml 

2. 

Fetal  bovine  serum* 

10 

ml 

3. 

Sodium  bicarbonate  (7.57) 

4 

ml 

4. 

Diethyl  aminoetyl-dextran  (2.07) 
in  Hank's  balanced  salt  solution 

1.0 

ml 

5. 

Eagle  basal  medium  vitamins  (100  X) 

0.5 

ml 

6. 

Eagle  basal  medium  amino  acids  (100  X) 

0.5 

ml 

C. 

Preparati on 

1.  Sterilize  agar  oortion  in  autoclave. 

2.  Mix  ingredients  of  nutrient  portion  in  order  listed  to 
avoid  the  formation  of  precipitates. 

3.  Combine  agar  portion  with  nutrient  portion  at  440C. 

*Fetal  bovTne'  serum  m'u s tTe'prevTb u s  1  y  d e t e rm iTiViT* t o  be  non-”* 
toxic  for  LLC-MK^  cells  at  a  concentration  of  20%. 
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overlaid  a  second  time  with  4.0  ml  of  normal  saline  containing 
1%  agar  and  1:1500  neutral  red  strain.  Within  24  hours,  plaques 
were  counted  over  a  transmitted  light  source.  The  quantity  of 
virus  was  calculated  as  the  number  of  plaque  forming  units  (pfu) 
per  mi  Hi  liter. 

d.  Plaque  Reduction  Neutralization  Tests 

Dengue  virus  identification  was  accomplished  with  a  stan¬ 
dard  plaque  reduction  neutralization  test  (PRNT)  of  Russell 
and  McCown  (1972)  using  virus  grown  under  liquid  medium  which  had 
been  quantified  by  plaque  assay.  Virus  identification  was  per¬ 
formed  with  hyperimmune  mouse  ascitic  fluids  prepared  by  stan¬ 
dard  techniques  (Brandt  et  al.,  1967;  Chiewsilp  and  McCown,  1972), 
to  reference  strains  of  virus.  Antibody  titers  in  the  typing 
fluids  are  shown  in  Table  24. 


Table  24.  Soecificity  of  Hyperimmune 
Mouse  Ascitic  Fluids 


Mouse  Ascitic  Fluid 

ITHTT  DEIR  PET-l  D'frPT 

Dengue  Virus  Strain  Hawaii  NG-C  PR-6  H-241 

Type 


1 

Hawai i 

1500* 

12 

44 

<10 

2 

New  Guinea-C 

30 

1700 

10 

-10 

3 

Puerto  Rico  6 

10 

TO 

>640 

10 

4 

Phi  lippines  H-241 

10 

10 

"7D 

160 

*Reciprocal  dilution  giving  50%  pTa^e  reduction. 


Two-fold  dilutions  of  hyperimmune  mouse  ascitic  fluids  were 
mixed  with  equal  volumes  of  virus  suspension  to  give  a  final 
concentration  of  30-100  pfu/0.1  ml  and  allowed  to  incubate  in 
glass  tubes  for  30  min  at  22‘^C.  The  virus-antibody  mixture  (0.2  ml) 
was  allowed  to  adsorb  to  cell  monolayers  for  one  hour  at  35°C, 
then  was  overlaid  with  agar  as  described  above.  Plaques  were 
counted  on  day  7  and  S0%  plaque  reduction  endpoints  were  cal¬ 
culated  by  the  method  of  Cutchins  et  al.,  (1960). 


3.  Results 


One  hundred  seven  (107)  specimens  from  residents  of  nine 
countries  were  received  for  virus  isolation  and  identification. 
From  these  specimens  53  strains  of  dengue  virus  were  identified 
including  33  type  1,  six  type  2  and  14  type  3  viruses  (Table  25). 
Dengue  type  1  was  found  in  all  but  one  location  sampled  and  was 
the  only  serotype  identified  from  the  Bahamas,  Cuba,  Guyana, 
Jamaica,  St.  Maarten  and  Trinidad  and  Tobago.  Dengue  types  1 
and  2  were  identified  on  Dominica;  type  3  virus  was  found  in 
the  Dominican  Republic.  Only  Puerto  Rico  submitted  specimens 
which  yielded  all  three  dengue  serotypes. 

Of  the  53  dengue  strains  isolated,  44  (84%)  were  detected  by 
plaque  assay  of  the  original  material  submitted  (Table  26).  Pre¬ 
liminary  passage  of  serum  specimens  in  LLC-MK2  cells  under  liquid 
medium  increased  the  number  of  virus  isolates  from  serum  specimens 
from  23  to  31,  but  provided  only  one  additional  isolate  from 
mosquito  cell  culture  fluids  and  whole  mosquitoes. 

The  plaque  morphology  was  usually  similar  for  viruses  of 
the  same  serotype,  although  each  type  exhibited  some  degree  of 
heterogeneity.  Dengue  types  1  and  3  usually  produced  small 
(<l-2  mm)  clear  plaques  with  less  variation  in  size  than  was 
seen  with  type  2  strains  (1-4  mm).  Three  strains  of  dengue  type 
1  detected  in  mosquito  cell  cultures  were  exceptional  because 
they  produced  mixtures  of  small  and  very  large  (6-8  mm) 
plaques;  such  marked  heterogeneity  has  not  been  previously 
observed  in  this  laboratory  (Figure  7).  Whether  or  not  this 
extreme  plaque  variation  was  present  in  the  original  serum  or 
developed  during  passage  through  the  mosquito  cell  culture  is 
under  investigation. 

4.  Discussion 

Epidemiological  studies  of  dengue  require  precise  identifi¬ 
cation  of  virus  isolates.  In  regions  where  two  or  more  dengue 
serotypes  coexist,  a  combination  of  plaque  assay  and  plaque 
reduction  neutralization  tests  in  LLC-MK2  cells  has  been  used 
successfully  to  isolate  and  identify  dengue  viruses.  The 
major  advantages  of  these  tests  are  a  high  degree  of  specificity 
and  reliability  plus  the  capability  of  detecting  variant  strains 
of  virus  based  on  differences  in  plaque  morphology,  tempera¬ 
ture  sensitivity  or  other  growth  characteristics  (Eckels  et  al., 
1976).  In  addition,  the  plaque  reduction  neutralization  test 
can  distinguish  subtle  antigenic  differences  of  epidemiologic 
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Table  25.  Identification  of  1977  Caribbean 
Dengue  Viruses 


(JFi  g  i  n  Vi  ru*s  Spec  i  - 

of  Strain  men*  Immune  Ascitic  Fluids 

Strain 


DEN-l 

DEN-2 

DEH-:’ 

DEM- 4 

Bahamas  5  KS 

S 

220** 

^10 

10 

<10 

8  HH 

S 

s320 

12 

10 

<10 

9  SS 

S 

100 

<10 

<10 

<10 

11  KJ 

S 

170 

<10 

11 

<10 

12  AF 

S 

210 

<10 

10 

<10 

13  AS 

S 

250 

12 

11 

<10 

14  KC 

S 

230 

19 

23 

<10 

15  NC 

s 

no 

10 

<10 

<10 

19  VG 

s 

200 

<10 

<10 

<10 

20  FL 

s 

80 

<10 

<10 

<10 

23  VS 

s 

180 

<10 

14 

<10 

24  JT 

s 

160 

<10 

<10 

<10 

777849 

c 

175 

11 

<10 

<10 

777882 

c 

160 

<10 

11 

<10 

777898 

c 

135 

<10 

<10 

<10 

Cuba  1 

s 

200 

<10 

10 

<10 

2 

s 

110 

no 

<10 

<10 

3 

s 

220 

<10 

<10 

<10 

4 

s 

320 

<10 

32 

10 

Dominica  775270 

s 

115 

<10 

<10 

<10 

775283 

c 

27 

^80 

22 

<10 

775508 

s 

29 

>80 

16 

10 

Dominican 

Republic  14307 

s 

14 

12 

>160 

<10 

Guy^ina  778074 

c 

100 

<10 

■  10 

.  10 

778976 

c 

91 

<10 

<  10 

<10 

779016 

c 

170 

<10 

<  10 

<10 

Jama i ca  1 3802 

s 

70 

<10 

10 

<10 

13806 

s 

150 

<10 

<  10 

<10 

1515 

s 

88 

<10 

<  10 

10 

1536 

s 

100 

10 

<  10 

<10 

1570 

s 

100 

<10 

<  10 

<10 

*Specimens  included  serum 

( j) ,  mosqui to  col  1 

Cul turn 

fluid  Tc) 

and  inoculated 

whole  mosquitoes  (M) 

••Reciprocal  of 

50"  plaque 

reduction 

endpoint. 

Table  25.  (cont'd) 


VTFus  Sped- 

Country  Strain  men  Immune  Ascitic  Fluids 

-*  C)FN-1  DEN-2  DEN-3  DEN-4 


Pu«^o 


Rico 

23334 

C 

100 

<10 

10 

<10 

23723 

C 

150 

<10 

<10 

<10 

14236 

S 

<10 

170 

<10 

<10 

14990 

S 

13 

>80 

11 

<10 

90551 

M 

<10 

>80 

<10 

<10 

93268 

M 

<10 

>80 

<10 

<10 

14240 

M 

28 

22 

>320 

<10 

14242 

M 

14 

24 

>320 

<10 

14243 

M 

18 

22 

>320 

<10 

14378 

S 

<10 

<10 

>160 

<10 

14393 

S 

23 

15 

>160 

<10 

15092 

s 

10 

<10 

>320 

<10 

15353 

s 

16 

12 

>160 

<10 

15354 

s 

10 

12 

>160 

<10 

16985 

M 

<10 

<10 

>160 

<10 

20162 

M 

<10 

<10 

>160 

<10 

22574 

M 

<10 

<10 

>160 

<10 

73026 

M 

<10 

<10 

>160 

<10 

91150 

M 

<10 

15 

>160 

<10 

St. 

Maarten 

22472 

M 

82 

<10 

<  10 

<10 

Trinidad 

780355 

C 

95 

<10 

<  10 

<10 

and 

lobaqo 

C 

170 

<10 

<  10 

<10 

I 


Table  26.  Detection  of  Dengue  Virus  by 
Plaque  Assay 


LLC-MK2 

Passage  Level 

Serum 

Type  of  Specimen 

Cell  Culture  Mosouito  fombined 

Original  material 

23 

10 

11 

44 

Passane  1  or  2 

8 

1 

(1 

q 

Total 

31 

11 

11 

S3 

c 


Fiq.  7.  Plaque  morphology  of  two  strains  of  dengue  type  1 
LLC-MK2  cells  stained  with  neutral  red.  Both 
strains  of  virus  were  isolated  from 
scuttel laris  cell  culture  harvest  subnritted"  by  the 
Caribbean  Epidemiological  Center,  The  original 
serum  specimens  came  from  the  Bahamas. 


importance  between  strains  of  virus  of  the  same  serotype 
(Russell  and  McCown,  1972). 

The  principle  disadvantages  of  this  technique  concern  the 
requirements  for  careful  cell  culture  husbandry  and  a  minimum 
time  of  two  weeks  for  virus  identification.  However,  if  one 
suspects  that  there  might  be  sufficient  infectious  virus  in 
the  original  serum  to  do  a  PRNT,  as  is  frequently  the  case  on 
the  first  day  of  illness,  identification  can  be  accomplished 
in  only  one  week  by  using  the  original  serum  as  a  seed  virus. 

It  has  also  been  contended  that  the  plaque  assay  may  be 
a  less  sensitive  method  for  dengue  virus  isolation  than  other 
procedures,  such  as  mosquito  inoculation  (Rosen  and  Gubler, 

1974).  Our  experience  with  dengue  isolation  from  sera  collected 
from  the  Caribbean  in  1977  demonstrated  that  initial  virus  passage 
in  LLC-MK?  under  liquid  medium  increased  the  number  of  virus 
isolates  detected  by  the  plaque  assay  procedure.  Eight  of  31 
(26%)  virus  isolates  from  serum  were  obtained  only  after  passage 
once  or  twice  under  liquid  medium.  The  preliminary  passage  step 
improved  our  ability  to  detect  dengue  virus  by  increasing  the 
concentration  of  virus  submitted  to  plaque  assay. 

Since  the  specimens  included  in  this  report  were  submitted 
for  a  variety  of  reasons,  they  are  not  necessarily  representa¬ 
tive  of  all  of  the  serotypes  present  in  each  country  during 
the  epidemic  nor  even  the  relative  frequency  of  each  serotype. 

The  data  do  provide  an  indication  of  the  distribution  of  dengue 
type  1  in  1977  and  will  be  of  value  for  comparison  to  the  results 
of  serotype  identifications  of  the  same  strains  by  other  methods. 

Low  passage  dengue  isolates  from  the  Caribbean  did  not  give 
strong  homotypic  reactions  with  the  types  1  and  2  reference 
ascitic  fluids.  In  a  few  cases,  additional  passage  of  the  virus 
improved  the  neutralization  reactions.  The  consistent  low  titers 
of  dengue  type  1  ascitic  fluid  required  to  neutralize  the  Caribbean 
strains  present  the  possibility  that  these  viruses  differ 
significantly  in  antigenic  composition  from  the  Hawaii  reference 
strain.  In  an  analogous  situation,  strains  of  dengue  type  3 
from  Tahiti  and  the  Caribbean  were  found  to  be  antigenical ly 
different  from  strains  from  Southeast  Asia. 

In  our  experience,  the  identification  of  dengue  viruses 
by  other  serological  techniques,  such  as  complement  fixation  or 
direct  immunofluorescence,  has  serious  practical  and  theoretical 
disadvantages.  The  degree  of  cross  reactivity  between  serotypes 
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makes  it  difficult  to  differentiate  virus  strains  in  a  dependable 
and  reproducible  manner.  The  specificity  of  any  identification 
procedure  is  determined  by  the  number  of  antigenic  components 
that  share  in  the  reaction,  the  type-specificity  of  each  com¬ 
ponent,  and  the  ability  of  the  user  to  identify  and  control 
the  multiple  reactive  components.  The  ideal  test  should  detect 
the  reaction  of  only  one  type-specific  antigen  and  its 
corresponding  antibody. 

Dengue  viruses,  like  other  flavi vi ruses ,  produce  three 
structural  and  at  least  five  nonstructural  proteins.  The 
major  envelope  protein,  V3,  has  a  molecular  weight  of  53000- 
59000  daltons  (Westaway,  1973;  Shapiro  et  al . ,  1972),  and 
contains  both  group-  and  type-specific  antigenic  determinants 
(Qureshi  and  Trent,  1973;  Della-Porta  and  Westaway,  1977). 
Neutralization  tests  measure  only  the  reaction  between  the 
antigenic  determinants  on  the  surface  of  the  virion  and  the 
corresponding  antibodies.  For  flavi viruses  the  reaction 
involves  only  the  V3  protein.  Serologic  procedures  that  do 
not  depend  upon  viral  infection,  such  as  complement  fixation, 
immunofluorescence,  and  radioimmunoprecipitation,  detect 
reactions  involving  several  structural  and  nonstructural 
protein  antigens  and  the  corresponding  antibodies.  Since 
some  of  the  antigens  are  broadly  cross-reactive,  these  tests 
cannot  be  entirely  type-specific.  Antibodies  prepared  to  all 
of  the  viral  specified  proteins  found  in  infected  suckling 
mouse  brain  and  cell  cultures  may  be  highly  specific  in 
neutralization  tests  but  tend  to  be  cross-reactive  when 
used  in  other  serologic  procedures.  For  reasons  related  to 
the  number  and  the  specificity  of  antigens  involved  in  each 
test  procedure,  the  plaque  reduction  neutralization  test  is 
more  specific  and  reliable  than  other  serotyping  methods. 

The  ideal  dengue  virus  isolation  system  for  remote  field 
studies  may  require  a  combination  of  initial  virus  isolation 
in  a  conveniently  transportable  and  sensitive  assay  procedure, 
such  as  mosquito  inoculation  or  mosquito  cell  culture  followed 
by  plaque  assay  and  plaque  reduction  neutralization  test  in 
LLC-MKo  cells  for  studying  virus  growth  characteristics  and 
obtaining  highly  specific  virus  identification.  Future  studies 
of  dengue  in  the  Caribbean  might  incorporate  a  definitive 
study  of  these  combined  virus  isolation  techniques. 


F.  Effect  of  Ribavirin  on  Dengue-1  Replication 

Ribavirin  is  an  effective  antiviral  drug  with  in  vitro 
and  in  vivo  inhibitory  activity  against  a  broad  spectrum  of 
DNA  and  RNA  viruses  (Simon  et  al.,  1973;  Huffman  et  al.,  1973; 
Witkowski  et  al.,  1972;  and  De  Clercq  et  al.  ,  1975).  Several 
togaviruses,  including  sindbis,  Semliki  Forest,  and  Japanese 
encephalitis  virus,  have  exhibited  moderate  susceptibility 
(minimal  inhibitory  concentration  approximately  30  mcg/ml) 
to  the  antiviral  effect  of  Ribavirin.  These  results  prompted 
an  investigation  of  the  effect  of  Ribavirin  against  in  vitro 
dengue  virus  infection. 

1.  Method 

7 

All  experiments  used  monolayers  of  LLC-MK2  cells  in  25  cm 
plastic  flasks  infected  with  dengue  type  1  virus  (Western  Pacific 
strain)  at  an  MOI  of  0.1  pfu/cell.  Virus  production  was  quanti¬ 
fied  by  a  standard  plaque  assay  of  supernatant  fluid  collected 
on  days  1,2,5  and  7. 

Concentrations  of  Ribavirin  ranging  from  0.1  to  100  mcg/ml 
were  tested  in  three  ways.  First,  the  cytotoxic  effect  of  Riba¬ 
virin  was  determined  by  exposing  uninfected  cell  cultures  to  the 
drug  for  7  days.  Cell  growth  and  morphology  were  observed  daily. 

The  effect  of  preincubation  of  cells  with  Ribavirin  before 
infection  on  virus  replication  was  studied  by  exposing  cells  to 
Ribavirin  for  three  hours,  washing  cells  with  Earles  balanced 
salt  solution  and  incubating  them  in  medium  199  with  20%  fetal 
bovine  serum. 

Finally,  the  effect  of  continuous  exposure  from  3  hours 
before  infection  throughout  the  course  of  the  infection  was 
studied. 

2.  Results 

No  noticeable  Ribavirin  cytotoxicity  was  evident  from  micro¬ 
scopic  examination  of  the  control  monolayers  until  the  7th  day 
of  the  experiment,  when  a  small  decrease  in  the  percentage  of 
viable  cells  was  noted.  Figure  8  shows  virus  growth  curves 
from  the  pretreated  washed  cells.  No  significant  inhibition  of 
virus  production  was  evidenced  by  pretreatment  with  0.1,  0.5, 

1.0,  5.0  or  10  mcg/ml  Ribavirin  for  3  hours  before  infection.  A 
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slight  inhibition  in  final  titer  on  day  7  is  suggested  at  30 
mcg/ml;  while  the  entire  growth  curve  is  slightly  depressed  at 
100  mcg/ml. 

Figure  9  shows  virus  growth  curves  from  cells  incubated 
in  the  presence  of  Ribavirin  throughout  the  experiment.  No 
significant  inhibition  of  virus  production  was  evident  in  cells 
treated  with  0.1,  0.5,  and  1  mcg/ml.  Cells  infected  with  5  and 
10  mcg/ml  showed  an  initial  depression  or  delay  in  virus  pro¬ 
duction,  although  by  7  days  virus  titers  produced  are  equal  to 
control  values.  Virus  production  was  more  strikingly  depressed 
at  30  mcg/ml  and  had  not  recovered  to  control  values  by  day  7 
although  the  possibility  existed  that  virus  production  was 
delayed  and  would  have  recovered  to  control  values  by  day  9. 
Virus  production  was  severely  inhibited  by  100  mcg/ml  (almost 
4  ordersof  magnitude  lower  on  day  7)  and  showed  evidence  that 
production  had  levelled  off  at  this  low  titer  and  would  not 
have  produced  10®  pfu/ml  even  if  incubated  for  a  longer  period. 

The  results  re prted  here  indicate  that  Ribavirin  is  effec¬ 
tive  in  limiting  dengue  infection  of  LLC-MK2  cells  in  vitro 
when  present  continuously  from  3  hours  before  infectTon  through¬ 
out  the  course  of  the  infection.  Fairly  high  but  pharmacologi¬ 
cally  safe  concentrations  are  required  (greater  than  10  mcg/ml). 
This  correlates  with  a  minimal  inhibitory  concentration  of  30 
mcg/ml  for  Semliki  Forest  virus  replication.  Treatment  of 
cells  with  drug  before  infection  is  less  inhibitory  of  virus 
replication  than  continuous  exposure  to  the  drug.  The  mechanism 
of  this  differential  effect  requires  further  study.  Whether  or 
not  Ribavirin  can  inhibit  virus  replication  after  infection  of 
cells  remains  to  be  determined. 

II.  Respiratory  Viruses 

A.  Acute  Respiratory  Disease  (ARD)  in  Military  Personnel 
1.  Adenovirus 

In  recent  years  ARD  on  all  basic  combat  training  (BCT) 
posts  has  been  predominantly  due  to  adenovirus  type  21.  Al¬ 
though  types  4  and  7  have  been  isolated  on  occasion,  ARD  due 
to  adenovirus  types  4  and  7  was  well  controlled  by  immunization 
with  live,  oral  adenovirus  types  4  and  7  vaccines.  The  type  4 
vaccines  (Wyeth  Lots  07401  and  07701)  titered  5.1  and  5.0  log  10 


TCID  50  per  tablet  while  the  type  7  vaccines  (Wyeth  Lots 
07501  and07801)  titered  6.1  and  6.0  log  10  TCID  50  per  tablet, 
respectively.  Lots  07401  and  07501  for  types  4  and  7,  respec¬ 
tively,  were  used  from  the  end  of  September  1977  until  the 
end  of  February  1978  and  07701  and  07801  were  introduced  there¬ 
after. 

In  the  past,  influenza  has  caused  brief  increases  in  ARD 
rates.  ARD  in  FY  78  showed  a  similar  pattern.  Outbreaks 
of  influenza  A/USSR/77  in  late  winter  on  several  posts 
coincided  with  sharp  increases  in  ARD  rates  to  the  peak  levels 
for  the  year.  Within  a  few  weeks,  ARD  rates  on  most  posts 
had  returned  to  the  levels  preceding  influenza  outbreak. 

The  impact  of  adenovirus  infections  on  BCT  posts  was 
evaluated  by  reviewing  weekly  ARD  rates  provided  by  the 
Preventive  Medicine  Consultant,  DASG,  and  virus  isolation 
records  from  the  four  U.S.  Army  Medical  Laboratories  contri¬ 
buting  to  the  adenovirus  surveillance  program.  Dates  of 
vaccine  administration  were  provided  by  representatives  of  the 
USAMEDDAC  on  each  BCT  post. 

The  respiratory  disease  patterns  on  eight  Army  BCT  posts 
under  surveillance  can  be  summarized  as  follows: 

a.  Fort  Bliss.  Trainees  were  immunized  with  type 
4  and  7  vaccines  from  1  Oct  77  to  31  Apr  78.  Virus  isolates 
included  2  type  7  strains  and  1  type  21  strain  but  no  type  4 
strains.  For  eleven  months  ARD  rates  ranged  from  0.0  to  4.0/100/ 
week,  but  in  February,  rates  jumped  to  a  peak  of  25/100/week. 

b.  Fort  Dix,  Adenovirus  vaccines  were  administered 
from  1  Sep  77  to  30  Apr  78.  Virus  isolates  from  ARD  patients 
included  adenovirus  type  4  (3  isolates),  type  7  (4  isolates) 

and  type  21  (6  isolates).  ARD  rates  ranged  from  0.3  to  2  0/100/ 
week  except  for  February,  when  they  peaked  at  10.9. 

c.  Fort  Gordon.  Male  BCT's  received  adenovirus 
vaccination  at  Fort  Jackson  between  1  Oct  77  and  1  May  78. 

Females  were  not  immunized.  Male  and  female  combined  ARD  rates 
ranged  from  0.0  to  2.3  except  for  February  when  they  peaked  at 
4. 3/lOO/week.  Virus  isolates  included  8  strains  of  adenovirus 
type  4,  of  which  7  strains  were  recovered  in  the  month  of  May. 
Only  one  strain  of  type  7  virus  was  isolated.  Sixty  strains  of 
type  21  were  reovered;  42  isolates  were  recovered  between 
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18  March  and  30  April  at  a  time  when  the  ARD  rate  rose  from 
1.4  to  2.3/100/week,  then  fell  to  0.4. 

d.  Fort  Jackson.  Adenovirus  vaccines  were  given 
to  male  BCT's  from  1  Oct  77  to  1  May  78.  Combined  ARD  hospitali¬ 
zation  rates  ranged  from  0.2  to  2.2/lOO/week  with  a  peak  in 
February  of  1.7/100/week.  Virus  isolations  from  ARD  hospitali¬ 
zations  included  adenovirus  type  4  (4  strains),  type  7  (12  strains) 
and  type  21  (32  strains).  Twenty-six  strains  of  type  21  were 
isolated  between  1  April  and  14  May.  All  but  one  type  4  and  7 
virus  strain  were  isolated  after  the  close  of  the  vaccination 
program. 


e.  Fort  Knox.  Adenovirus  vaccines  were  given  from 
27  Oct  77  to  31  Apr  78.  ARD  rates  ranged  from  0.2  to  1.9/100/ 
week  except  for  four  weeks  starting  the  last  week  of  January. 

The  peak  rate  was  6.5  during  the  second  week  of  February.  Adeno¬ 
virus  type  21  was  isolated  each  month,  but  one  half  of  the  33 
isolates  for  the  year  were  obtained  between  October  and  Januar'*. 

f.  Fort  Sill.  Adenovirus  vaccines  were  given 
from  1  Oct  77  to  31  May  78.  ARD  rates  ranged  from  less  than 
0.1  to  0.9/100/week  except  for  two  weeks  in  February  when  the 
peak  rate  was  6.5.  Only  two  adenovirus  isolates  were  obtained 
from  this  post;  both  were  type  21  viruses. 

g.  Fort  Wood.  As  in  previous  years,  adenovirus 
type  4  and  7  vaccines  were  administered  all  year  long.  ARD 
rates  ar  Fort  Wood  showed  an  early  peak  of  2.1/lOO/week  in 
December,  fell  to  1.0  then  rose  again  to  7.9  during  the  last 
week  of  January.  Afterwards,  rates  remained  greater  or  equal  to 
2.0  until  15  April.  Adenovirus  type  4  (5  strains)  and  type  7 

(5  strains)  were  isolated  only  after  29  April.  All  but  6 
of  the  44  type  21  isolates  were  obtained  after  25  March. 

2.  Influenza 

A/USSR/77  spread  throughout  the  U.S.  after  1  January  1978 
causing  sudden  outbreaks  in  people  under  age  25  years  in  colleges, 
military  academies  and  military  posts.  Peak  illness  in  most 
civilian  populations  occurred  in  February. 

a.  Fort  Eustis,  VA. 

From  17  to  19  January  1978,  the  incidence  of  ARD  reportedly 
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doubled  at  one  clinic  which  serviced  trainees  at  the  transpor¬ 
tation  school.  Examination  of  18  sequential  clinic  visitors 
on  19  January  revealed  typical  findings  for  influenza  (Table  27). 
Throat  wash  material  collected  from  these  18  men  and  12  women 
yielded  8  isolates  of  A(H3N2)  despite  a  history  of  recent 
Influenza  vaccination  from  some  patients. 


Table  27.  Clinical  Data  for  18  ARD  Patients  at  Ft.  Eustis,  VA. 


Clinical  Findings 

Frequency 

Symptoms 

Fever 

94% 

Chilliness 

90% 

Cough 

83% 

Sore  Throat 

72% 

Headache 

44% 

Myalgia 

39% 

Chest  Pain 

39% 

Nausea 

33% 

Diarrhea 

28% 

Abdominal  Pain 

28% 

Signs 

Pharyngitis 

100% 

Cervical  Adentitis 

11% 

Wheezing 

4% 

Rhonchi 

4% 

History 

Mean  age 

21  years 

Recent  influenza  vaccine 

77% 

t 
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b.  USA  Military  Academy,  West  Point,  N.Y. 

Between  23  January  and  7  February  1978,  2602  of  4400 
cadets  (59%)  reported  on  sick  call  with  respiratory  illness; 

14  required  admission  to  the  hospital.  During  the  same  time 
interval  in  1977,  there  were  600  sick  call  visits  and  42 
hospital  admissions  for  respiratory  disease.  Although  attack 
rates  were  higher  in  1978,  the  influenza  in  1978  seemed  to  cause 
a  relatively  mild  disease  in  comparison  to  earlier  outbreaks. 

In  1978,  the  typical  syndrome  included  fever  lOO-IOPF,  mild 
cough,  mild  headache  and  severe  muscle  aches.  Pneumonia  was 
rare.  Throat  wash  specimens  collected  from  30  people  on 
31  January  yielded  four  isolates  of  influenza  A  (HiNi) 

c.  Other  Military  Posts 

Isolates  of  influenza  A  (H3N2)  were  recovered  from  specimens 
from  Ft.  Wood  received  on  7  Dec  77.  HiN-]  isolates  were  found  in 
specimens  received  from  Aberdeen  Proving  Ground,  MD  (3  Feb  78) 
and  Ft.  Dix  (8  Feb  78). 

B.  The  Use  of  Transformed  Human  Embryonic  Kidney  Cells  for 
Adenovirus  (ADV)  Neutralizing  Antibody  Assays. 

Since  1976  when  primary  human  embryonic  kidney  (HEK)  cell 
cultures  became  scarce,  attempts  have  been  made  to  develop 
an  alternative  cell  line  of  equal  or  greater  sensitivity  and 
specificity  for  growing  adenoviruses. 

Recently  Graham  et  al  (1977)  succeeded  in  transforming 
human  embryonic  kidney  cells  into  an  apparently  continuous 
cell  line  which  preserved  sensitivity  for  adenoviruses  (here  in 
after  referred  to  as  HEK-T  cells).  This  cell  line  was  evaluated 
as  a  substitute  substrate  for  assay  of  adenovirus  neutralizing 
antibody  in  a  micro-culture  system. 

1.  Materials  and  Methods:  Prototype  strains  of  human 
adenoviruses  likely  to  be  encountered  in  a  military  population 
(Adenovirus  types  2,  3,  4,  5,  7,  11,  14,  and  21)  were  obtained 
from  the  American  Type  Culture  Collection.  Working  stocks  of 
virus  were  prepared  by  passing  the  reference  virus  once  in 
monolayers  of  HEP-2  cells  in  32  oz  bottles,  and  harvesting  at 
the  appearance  of  4  +  CPE  by  freezing  and  thawing  the  infected 
cells  in  their  growth  media  three  times.  Working  stocks  so 
prepared  contained  107  to  10^  TCIDso/ml  (on  second  passage 
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HEK  cells). 


Cells:  No  primary  human  embryonic  kidney  cells  were  available 
during  the  study  period.  Second  passage,  once  frozen  human 
embryonic  kidney  cells  (HEK-P2)  were  obtained  commercially 
in  screw  capped  tubes  from  Microbiologic  Associates,  Bethesda, 
Maryland.  "Flow  4000"  cells,  the  15th  to  16th  passage  of 
primary  HEK  cells,  (HEK-P15)  fibroblastic  in  appearance, 
were  obtained  commercially  in  screw  capped  tubes  from  Flow 
Laboratories.  HEK-T  cells,  45th  passage,  were  kindly  provided 
by  Dr.  Maurice  Green  of  St.  Louis  University,  and  subsequently 
25th  passage  HEK-T  cells  were  kindly  provided  by  Dr.  F.  Graham 
of  McMaster  University.  HEP-2  cells  were  obtained  from  Micro¬ 
biologic  Associates.  HEK-T  cells  were  grown  in  monolayers  in 
32  oz  glass  prescription  bottles  or  150  cm^  plastic  flasks 
(Falcon).  Weekly  the  cells  were  suspended  in  3-4  ml  of  0.02% 
EDTA  in  calcium  and  magnesium  free  phosphate  buffered  saline, 
and  split  2:1  or  3:1.  Growth  medium  was  Eagle's  minimum 
essential  medium,  Earle’s  base  (EMEM)  supplemented  with  10% 
fetal  calf  serum,  2  mM  L-glutamine,  100  microgram/ml  of  strep¬ 
tomycin,  and  100  unit/ml  of  penicillin.  When  required  for 
tube  titrations,  HEK-T  cells  were  pipette  dispensed  into  glass 
screw  capped  tubes;  approximately  20,000  to  40,000  cells/ml/ 
tube.  Cell  sheets  in  the  tube  approached  confluence  in  4-5 
days. 

Reference  Antisera:  Antisera  to  ATCC  reference  virus  strains 
of  adenovirus  4,  7  and  21  were  prepared  by  immunization  of  New 
Zealand  white  rabbits  with  cesium  chloride  density-gradient 
purified,  concentrated  virions  .  Each  rabbit  received  four 
subcutaneous  injections  of  1.0  ml  containing  100  micrograms  of 
partially  purified  virus  and  50%  complete  Freund's  adjuvant. 
After  a  booster  injection  at  21  days,  rabbits  were  bled  for 
sera  at  day  28  to  35. 

Micro-cultures:  For  both  titrations  of  virus  (TCID50)  and 
serum  neutralization,  confluent  monolayers  of  cells  were 
suspended  in  versene-PBS  (HEK-T)  or  0.25%  trypsin  (HEP-2  cells), 
pelleted,  and  resuspended  in  growth  media.  Cell  clumps  in  the 
suspension  were  dispersed  by  vigorous  pipetting.  Between  10  to 
20  X  103  cells  in  100  microtiters  of  growth  media  were  dispensed 
manually  into  each  well  of  sterile  96  (12  x  8)  well  polystyrene 
plates  with  hard  plastic  covers  (Linbro).  Cells  were  dispensed 
with  autoclave  sterilized  microdroppers  (Linbro).  The  plates 
were  incubated  at  35°C  in  5%  CO2.  Control  and  back-titration 
plates  were  examined  daily  for  CPE  through  an  inverted  micro¬ 
scope.  When  indicated  by  experimental  Hocinn  the  plates  were 
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fixed  and  stained  by  Immersion  in  a  solution  of  5.6%  formaldahyde 
and  0.07%  crystal  violet  in  water  for  2  hours,  rinsed  by  repeated 
gentle  immersion  in  tap  water,  and  allowed  to  dry  in  the  air. 

2.  Results 

Comparison  of  HEK  cell  types:  Growth  curves  of  adenovirus 

2,  3,  4,  5,  6,  7,  11,  14,  21  were  performed  on  HEK-P2,  HEK-P15, 
HEK-T  cells  in  confluent  monolayers  in  glass  tubes,  in  order 
to  assess  the  permissiveness  of  each  cell  type  under  standar¬ 
dized  conditions.  Serial  10-fold  dilutions  of  working  stocks 
of  each  reference  virus  were  made  in  EMEM  5%,  the  growth  media 
was  poured  off  the  cell  monolayers,  and  0.2  ml  of  each  virus 
dilution  (10"^  through  10"7  in  ir  ^tial  trials  and  10-3  through 
10-9  in  later  trials)  was  added  to  each  of  three  tubes  per 
cell  type.  Each  cell  type  was  infected  5  to  7  days  after  planting, 
when  the  monolayers  were  nearly  confluent.  Tube  caps  were 
resecured  and  the  tubes  were  incubated  in  racks  at  360C.  The 
medium  in  each  tube  was  replaced  every  seven  days. 

Each  tube  was  examined  microscopically  for  CPE  at  fre¬ 
quent  intervals,  and  the  apparent  TCIDcQ/ml  was  calculated  for 
each  cell  type  and  plotted.  In  initial  trials  for  some  virus¬ 
cell  combinations  the  maximum  dilution  of  virus  tested  (10’') 
showed  CPE  before  an  asymptote  was  reached.  Repeat  growth  curves, 
which  included  higher  virus  dilutions,  showed  clear  asymptotes. 

As  depicted  in  the  growth  curves  in  Figure  10  and  Table  28, 
HEK-T  cells  were  as  permissive  to  the  development  of  CPE  for 
most  adenovirus  serotypes  as  were  HEK-P2  cells.  Notable 
exceptions  were  adenovirus  type  3,  for  which  HEK-P2  was  superi¬ 
or  and  adenovirus  type  4,  for  which  HEK-T  was  superior.  Similar 
comparisons  between  HEP-2  cells  and  HEK-T  cells  were  difficult 
to  read  consistently  because  of  excessive  rounding  of  cells  in 
uninfected  tubes  of  HEP-2's.  However,  using  four  +  CPE  as  end¬ 
point,  HEK-T  cells  were  regularly  10  to  100  times  more  sensitive 
for  all  adenovirus  serotypes  tested. 

Micro-neutralization  tests  with  rabbit  hyperiimune  sera:  The 
specificity  of  virus  neutralization  on  HEK-T  cells  in  micro¬ 
culture  was  checked  by  measuring  the  homologous  and  heterologous 
titer  of  rabbit  hyperimmune  sera  with  adenovirus  types  4,  7,  and 
21.  50  ul  of  growth  media  was  added  to  all  wells  of  the  plates, 

and  50  ul  of  a  1:5  dilution  of  heat  inactivated  (56°  x  30  min) 
rabbit  sera  was  added  to  wells  in  the  first  row.  Serial  two-fold 
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dilutions  were  made  with  hand-held  micro-diluting  loops,  which 
were  twirled  gently  to  avoid  excessive  abrasion  of  bottom 
surfaces  of  the  wells.  50  ul  of  a  1:1000  dilution  of  the  working 
stock  of  reference  viruses  were  added  to  each  well.  The  plate 
was  agitated  gently  by  tapping,  and  incubated  for  two  hours  at 
36°  in  5%  CO2  before  100  ul  of  cells  were  added  per  well. 

Each  plate  included  a  cell  control  row  (no  added  virus)  and 
a  virus  control  row  (no  added  serum).  Each  serum  dilution  was 
tested  in  three  wells.  Neutralizing  antibody  titers  were 
expressed  as  the  maximum  serum  dilution  in  which  all  three  wells 
had  no  detectable  CPE.  Table  29  shows  that  even  with  the  very 
low  challenge  doses  used,  only  homologous  virus  was  neutralized. 


Table  29.  Specificity  of  Adenovirus  Neutralizing  Antibody 
Assay  in  HEK-T  Microcul1:ure. 


Virus  Rabbit  Hyperiimune  Serum 

Serotype*  ADV-4  A()V-7  ADV-21 


4  ^320**  <10  <10 

7  ^  >320  <10 

21  <10  <171  >320 


*Challenge  dose  was  3  TCID5g/well. 

*Reciprocal  serum  titers  read  at  48  hours  for  ADV-7  and  21 
and  96  hours  for  ADV-4. 


Micro-neutralization  test  with  serum  from  recruit  vaccinees: 
Forty-seven  paired  serum  specimens  from  recruits  at  Lackland 
AFB,  who  had  received  triple  (adenovirus  4,  7,  and  21)  live 
enteric  immunization  (N=33)  or  double  (adenovirus  4  and  7) 
live  virus  enteric  immunization  (N=14)  were  tested.  These 
specific  sera  were  selected  because  they  had  been  tested  for 
adenovirus  neutralizing  antibody  by  the  tube  methods  with 
primary  HEK  cells  before  this  type  of  test  became  unavailable. 
Paired  sera  were  run  simul ■ aneously  by  the  micro  culture  method 
using  HEK-T  cells.  Dilutions  of  serum,  1:2  through  1:64,  were 
prepared  in  50  ul  volumes  in  the  wells,  and  50  ul  of  each  virus 
suspension  were  added  (1:300,  1:1000,  1:50  for  adenovirus  4,7, 
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Adenovirus  microtiter  neutralizing  antibody  assay 
for  three  serum  pairs  using  adenovirus  types  4,  7 
and  21.  vc  is  virus  control;  cc  is  cell  control. 
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and  21  stock,  respectively).  Results  were  read  microscopically 
and  after  fixing  and  staining  on  Day  5.  Titers  were  read  from 
the  stained  plate  as  the  highest  dilution  with  greater  than 
50%  preservation  of  the  cell  sheet.  Sample  plates  showing  the 
results  for  3  serum  pairs  are  presented  in  Figure  11.  Com¬ 
parison  of  the  titers  obtained  by  HEK-T  micro-neutralization 
test  to  the  primary  HEK-tube  method  are  presented  in  Figure  12. 
From  this  data  it  can  be  seen  that  there  was  an  excellent 
correlation  between  the  two  cell  culture  methods  for  adenovirus 
type  4  and  type  7,  but  that  the  titers  by  micro-culture  neutrali¬ 
zation  for  adenovirus  21  were  much  lower  than  those  previously 
obtained  by  tube  culture.  Interpretation  of  the  data  at  this 
point  was  difficult  because  the  serum  specimens  tested  had 
been  obtained  from  subjects  in  a  vaccine  trial  to  test  for 
possible  interference  of  adenovirus  type  4  and  7  immunization 
on  the  serum  antibody  response  to  adenovirus  21  immunization. 
Either  of  two  possibilities  was  equally  plausible:  1)  The 
tube  method  ADV  titers  were  dtermined  in  primary  HEK  cells  with 
reduced  sensitivity  to  the  virus,  or  2)  the  micro-culture  ADV  21 
neutralization  titers  were  spuriously  low.  We  therefore,  cur¬ 
sor!  ally  examined  the  effect  of  virus  dilution  on  the  neutrali¬ 
zing  antibody  titers  determined  in  the  HEK-T  micro-cultures  and 
evaluated  the  test  with  more  rigorously  defined  control  groups. 

Effect  of  virus  dilution  on  SN  titer:  Convalescent  serum  from 
a  recruit  immunized  with  ADV  4,7,  and  21  and  previously  shown 
to  have  a  high  titer  of  type  21  neutralizing  antibody  was 
tested.  Methods  were  those  outlined  above,  except  that  several 
dilutions  of  working  virus  stock  were  tested  (1:10,  1:30,  1:100, 
1:300,  and  1:1000).  Wells  were  examined  microscopically  for 
CPE.  The  neutralizing  antibody  titer  was  defined  as  that 
dilution  showing  greater  than  50%  preservation  of  the  cell 
sheet  compared  to  that  present  in  the  virus-free  control  wells. 
Results  are  depicted  in  Table  30.  Even  at  the  same  "TCID5q‘‘ 
challenge  dose,  lower  dilutions  of  virus  gave  lower  neutralizing 
antibody  titers. 

Micro  neutralization  of  serum  specimens  from  recruits  with  adeno¬ 
virus  21  acute  respiratory  disease:  During  studies  of  acute 
respiratory  disease  at  Ft.  Dix,  1976,  nine  recruits  were  studied 
who  fulfilled  the  criteria  of  (1)  a  pre-illness  survey  blood 
specimen  (2)  a  ten-day  post  illness  blood  specimen  (3;  sympto¬ 
matic  acute  respiratory  disease  and  (4)  isolation  of  adenovirus 
21  from  throat  washings.  Micro  neutralization  titers  were  done 
on  the  pre-illness  and  post-illness  serum  specimens.  Serum 
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Fiq  12a.  Adenovirus  type  4  neutralizing  antibody  titers 

determined  by  HEK-T  microculture  method  compared 
to  titers  determined  by  the  HEK-P2  tube  method. 
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Fig.  12b.  Adenovirus  type  7  neutralizing  antibody  titers 

determined  by  the  HEK-T  microculture  method  compared 
to  titers  determined  by  the  HEK-P2  tube  method. 
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Fig.  12c. 


Adenovirus  type  21  Neutralizing  antibody  titers 
determined  by  the  HEK-T  microculture  method  compared 
to  titers  determined  by  the  HEK-P2  tube  methods. 
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Table  30.  Relationship  of  Virus  Dilution  and  Time  of  Reading 
to  Neutralizing  Antibody  Titer. 


Hours  Post 
Inoculation 

Virus 

Dilution 

TTTO 

1:30 

1:100  17300  T 

TTOOO 

12 

1:8(10)* 

1:16(3) 

N**  N 

N 

36 

1:2(100) 

1:4(33) 

1:16(10)  1:32(3) 

N 

60 

1:2(300) 

1:4(100) 

1:16(30)  1:32(10) 

1:64(3) 

84 

<1:2(1000) 

1:2(300) 

1:8(100)  1:16(30) 

1:64(10) 

*Serum  neutralizing  antibody  titer  (virus  TCID50  per  well). 
**No  CPE  to  be  neutralized. 


pairs  from  six  of  the  nine  patients  showed  a  four  fold  or 
greater  rise  in  titer;  the  convalescent  geometric  mean  titer 
of  the  seroconvertors  was  1:16. 

Micro  neutralization  of  serum  specimens  from  immunized  recruits: 
Serum  pairs  from  four  groups  of  10  men  each  who  were  immunized 
in  the  Lackland  AFB  trial  were  tested  for  neutralizing  antibody 
to  ADV  21  bythe  HEK-T  micro-neutralization  method.  Immunizations 
given  to  each  group  were  as  follows:  Group  A  received  ADV  4,  7, 
and  21;  Group  B  received  no  adenoviruses.  Results  are  depicted 
in  Figure  13.  Of  volunteers  with  pre-immunization  titers  of 
i  1:4,  3  of  8  in  group  A,  5  of  8  in  group  B,  0  of  9  in  group  C, 
and  0  of  8  in  group  D  showed  a  four-fold  or  greater  rise  in 
titer.  The  geometric  mean  titers  of  seroconvertors  in  group  A 
was  1:13;  and  group  B,  1:14  Forty-four  serum  specimens  of  the 
40  serum  pairs  had  previously  been  titered  by  the  primary  HEK 
tube  method.  Values  are  plotted  in  Figure  14. 

3.  Discussion 

Testing  a  new  method  for  measuring  adenovirus  neutralizing 
antibodies  in  human  serum  in  the  absence  of  primary  human 
embryonic  kidney  cells  proved  to  be  awkward;  since  we  were 
unable  to  measure  titers  simultaneously  by  both  methods.  Instead 
we  were  forced  (1)  to  compare  our  data  to  data  previously  obtained 


((*)-  Pro  titer  also  positive  by  tube  ncut) 


Fig.  13.  Changes  in  serum  adenovirus  neutralizing  antibody 
titers  in  four  vaccine  groups  at  Lackland  AFB, 
Vaccines  administered  are  indicated  beside  the 
group  letter.  Pre  and  post  serum  samples  were 
collected -on  Days  0  and  21,  respectively.  (  +  ) 
denotes  sera  positive  by  tube  neutralization 
test  also. 
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Fig.  14.  Adenovirus  type  21  neutralizing  antibody  titers 
by  the  HEK-T  microculture  method  compared  to 
titers  determined  by  the  HEK-P2  tube  method. 
Serum  specimens  were  obtained  from  Lackland  AFB 
vaccine  study,  1976. 
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by  the  standard  primary  HEK-tube  method  and  (2)  to  compare  the 
sero-conyersion  rates  and  geometric  mean  titers  obtained  in 
wild  disease  and  vaccinations  to  those  in  carefully  selected 
control  populations  (placebo  immunized  and  heterologous 
virus  type  immunized).  When  micro-culture  neutralizing  anti¬ 
body  determinations  were  done  using  challenge  virus  dilution 
of  1:300  or  greater,  excellent  correlations  were  obtained  be¬ 
tween  the  stained  plate  titer  and  the  tube  titer.  In  the 
one  trial  in  which  a  1:50  dilution  of  ADV  21  working  stock 
was  used  as  challenge  the  micro-culture  titers  were  low.  At 
dilutions  of  virus  stock  less  than  1:100,  direct  penton  toxicity 
may  cause  rounding  of  cells  and  disruption  of  the  monolayer; 
titers  obtained  with  this  dilution  of  virus  would  measure 
"penton  toxicity  neutralization"  rather  than  "infectivity" 
neutralization.  We  believe  that  the  titers  obtained  in  this 
run  were  arti factually  low  due  to  CPE  from  penton  toxicity. 

All  subsequent  runs  were  done  with  virus  dilutions  ^1:300, 
with  good  results. 

Six  of  nine  patients  with  acute  respiratory  disease  due 
to  adenovirus  21  proven  by  virus  isolation,  and  six  or  seven 
volunteers  immunized  with  adenovirus  21  enteric  vaccine 
developed  a  four-fold  or  greater  rise  in  micro-culture  neutra¬ 
lizing  antibody  titer..  These  proportions  are  comparable  to 
those  reported  by  Schmidt  et  al  (1966)  who  showed  a  54-94% 
seroconversion  rate  in  wild  adenovirus  infections  by  the  micro¬ 
culture  method  using  primary  HEKT’s  and  by  Scott  et  al  (1972) 
who  showed  a  seroconversion  response  in  7  of  9  recruits  admini¬ 
stered  live  enteric  coated  adenovirus  type  21  vaccine  as  tested 
at  28  days  post-immunization  by  the  tube  neutralization  method. 
Although  adenovirus  type  7  and  type  21  are  in  the  same  typing 
group,  none  of  ten  vaccinees  immunized  with  both  adenovirus  7 
and  adenovirus  4  showed  a  neutralizing  antibody  response  to 
adenovirus  21,  and  adenovirus  7  hyperimmune  rabbits  showed  no 
neutralization  of  adenovirus  21;  both  tests  confirmed  the 
specificity  of  micro-culture  method. 

We  believe  that  the  micro-culture  of  transformed  human 
embryonic  kidney  cells  are  the  optimal  method  for  determina¬ 
tion  of  adenovirus  neutralizing  antibodies  in  serum  surveys 
and  vaccine  studies.  Transformed  human  embryonic  kidney  cells 
are  highly  permissive  for  growth  of  most  common  adenovirus 
types,  the  cells  grow  rapidly  with  standard  cell  culture  tech¬ 
niques,  and  they  form  a  smooth,  solid  adherent  monolayer 
through  at  least  60  passages.  The  micro-culture  method  is 
simpler,  more  efficient,  and  less  expensive  than  similar 
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titrations  performed  in  tubes.  We  are  now  using  this  ir^ethod 
as  a  means  of  assessing  immunity  to  adenovirus  in  vaccine 
and  epidemiological  studies.  Investigation  is  needed  to  eva¬ 
luate  the  usefulness  of  the  HEK-T  cell  line  for  the  isolation 
of  adenoviruses  from  clinical  specimens. 

C.  Adenovirus  type  21  (ADV-21)  vaccine 

1.  Background 

In  the  ADV-21  Vaccine  Trial  at  Ft.  Dix,  N.J.,  (in  November 
1976)  (1977  Annual  Report)  some  recipients  of  the  vaccine 
developed  ARD  due  to  ADV-21.  There  was  concern  about  the 
immunogen i city  of  the  vaccine  given  to  the  troops.  Although 
there  was  adequate  virus  in  ADV-21  vaccine  tablets  tested  prior 
to  the  vaccine  trial,  evaluation  of  the  antibody  response  post¬ 
immunization  was  incomplete  due  to  a  lack  of  satisfactory 
primary  human  embryonic  kidney  cells,  which  were  required  for 
adenovirus  neutralization  tests.  The  development  of  a  trans¬ 
formed  human  embryonic  kidney  cell  line  (HEK-T)  and  its 
establishment  as  an  alternative  cell  line  for  adenovirus  neutra¬ 
lization  tests,  permitted  an  evaluation  of  the  immune  response 
to  vaccination. 

2.  Method 

At  Ft.  Dix,  two  groups  of  300  volunteers  each  were  selected, 
based  upon  the  last  digit  of  an  assigned  study  number.  Vaccine 
administration  was  double  blind,  with  one  group  receiving  ADV 
4/7/21  vaccine  and  the  other  receiving  ADV  4/7  and  a  placebo  (P). 
ADV-21  vaccine  lot  98A2875  titered  lO^-T  TCID50.  Paired  sera 
were  collected  from  all  volunteers  at  the  time  of  vaccination 
(Day  0)  and  three  weeks  later  (Day  21). 

To  determine  the  immune  response  to  vaccination,  subjects 
in  each  group  were  randomly  selected  for  study.  Day  0  and  Day  21 
sera  were  tested  in  duplicate  using  a  micro-neutralization  test 
with  HEK-T  cells.  Of  185  volunteers  tested,  83%  were  seronega¬ 
tive  at  1:4  on  Day  0  (Table  31).  No  difference  was  found  in 
the  frequency  of  seroconversion  to  ADV-21  between  the  immunized 
and  the  nonimmunized  groups.  This  indicated  that  the  ADV-21 
vaccine,  as  used  in  this  study,  may  not  have  been  immunogenic 
in  these  volunteers. 

The  same  lot  of  ADV-21  vaccine  was  given  to  Air  Force 


.'>73 


V* 


volunteers  at  Lackland  AFB.  Immunization  with  ADV-21  alone 
and  simultaneously  with  type  4  and  type  7  vaccines  resulted  in 
seroconversion  rates  of  10%  and  59%,  respectively,  at  a  1:4 
dilution  by  tube  neutralization  test.  The  apparent  lack  of 
immunogenicity  of  the  type  21  vaccine  at  Fort  Dix  is  not 
readily  explained,  but  three  possibilities  remain.  First, 
the  HEK-T  microtiter  neutralizing  antibody  assay  may  be  less  sen¬ 
sitive  than  the  previously  available  primary  HEK  tube  neutra¬ 
lizing  antibody  test.  This  is  supported  by  preliminary 
comparative  data  presented  in  Figure  12.  Even  so,  it 

is  surprising  that  there  were  not  more  seroconversions  in 
the  vaccinee  group.  Second,  the  vaccine  may  have  lost  potency 
before  administration.  Third,  triple  vaccination  with  type  4, 

7  and  21  vaccines  may  have  caused  a  greater  interference  with 
the  immune  response  to  Ar)V-21  than  was  apparent  in  the  earlier 
study  at  Lackland  AFB. 

D.  Investigation  of  Murine  Adenovirus  Teratogenicity  in 
Guinea  Pig  Embryos. 

1.  Background 

In  order  to  determine  if  murine  adenovirus  is  teratogenic, 
it  is  necessary  to  find  an  experimental  animal  model  in  which 
the  embryo  is  susceptible  to  v’rus  replication  but  the  acute 
virus  infection  does  not  have  a  fatal  outcome  for  the  embryo 
or  fetus.  This  requirement  eliminates  the  mouse  as  a  model 
system  because  in  embryonic  and  newborn  mice,  adenovirus 
infection  is  fatal.  It  was  decided  to  try  to  infect  guinea 
pig  embryos  with  murine  adenovirus  for  use  as  an  animal  model. 

2.  Method 

Four  or  five  female  guinea  pigs  were  housed  together  in 
wire  bottom  cages.  A  male  was  placed  in  each  cage  in  the 
afternoon.  The  following  morning  the  females  were  checked 
for  the  presence  of  a  copulation  plug  (a  firm,  white  vaginal 
coagulum),  which  indicated  that  copulation  had  occurred. 

Vaginal  plugs  in  guinea  pigs  often  fall  out  of  the  vagina,  but 
can  be  easily  seen  in  the  bedding  tray  beneath  the  wire  bottom 
of  the  cage.  Inspection  can  easily  determine  which  females 
have  copulated. 

The  guinea  pig  estrous  cycle  lasts  for  15  to  20  days  with 
estrous  lasting  for  12  hours.  Only  during  this  12-hour  period 
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Table  31.  Adenovirus  Type  21  Neutralizing  Antibody  Response 
of  Ft.  Oix  Volunteers,  1976. 


Vaccine 

Group 

Volunteers 

Studied 

Pre-vaccine 

<1:4 

No. 

titer 

Seroconversions 

jl:8 

No.  (%) 

ADV-4/7/21 

95 

83 

(87) 

10 

(12) 

ADV-4/7/P 

90 

71 

(79) 

7 

(9.8) 

TOTAL 

185 

154 

(83) 

17 

(11) 

of  estrous  will  the  female  copulate  and,  if  they  do,  they 
invariably  become  pregnant.  After  copulation  is  detected,  the 
pregnant  females  were  caged  separately  until  the  desired  stage 
of  pregnancy  was  reached. 

Four  pregnant  guinea  pigs,  20  days  post  fertilization, 
were  anesthetized,  and  submitted  to  laporotomy.  Murine  adeno¬ 
virus  was  injected  into  the  amniotic  sac  of  the  embryo  with  a 
27  gauge  needle  extending  through  the  uterine  wall.  The 
maternal  abdomen  was  closed  and  the  animal  recovered  from 
anesthesia.  The  inoculum  for  each  embryo  was  0.1  ml  contain¬ 
ing  100  mouse  LD50  as  determined  in  newborn  mouse  titrations. 
Previous  titrations  had  determined  that  death  and  maximum 
virus  titers  were  obtained  on  Day  10  after  injection. 

On  Days  3,  6,  9  and  12  after  inoculation  of  the  embryos, 
a  maternal  animal  was  killed  and  the  embryos  removed  for  virus 
assay  in  newborn  mice. 

3.  Results  and  Discussion 

No  virus  was  isolated  from  any  of  the  embryos.  It  is 
concluded  from  these  experiments  that  guinea  pig  embryos  are 
not  an  appropriate  animal  model  system  to  test  the  teratogenic 
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effects  of  murine  adenovirus.  Any  attempts  to  test  this  virus 
or  any  other  for  teratogenicity  should  be  tested  in  an  animal 
model  system  that  permits  non-lethal  replication  of  the  virus 
in  the  embryo  under  investigation. 

III.  Interferon 

Interferons  are  a  group  of  glycoproteins  made  by  a  wide 
variety  of  cells  in  response  either  to  viruses  and  synthetic 
polynucleotides  or  to  immune  stimulation  both  by  intracellular 
inhibition  of  virus  and  by  immune  mechanisms.  Interferon  is 
felt  to  have  an  important  role  in  host  defense  against  viral 
infections.  Although  interferons  are  active  against  many 
viruses,  they  are  relatively  species  specific  in  protection; 
generally  cells  are  most  sensitive  to  interferon  made  by  cells 
from  tlie  same  species.  This  necessitates  development  of 
different  assays  for  interferons  from  different  species.  To 
support  studies  of  the  mechanism  of  Semliki  Forest  Virus  (SFV) 
virulence  in  mice  and  to  investigate  the  mechanism  of  inter¬ 
feron  induction,  a  mouse  interferon  assay  was  developed. 

A.  Methods 

T.  Mouse  dye  uptake  interferon  (IF)  assay 

Methods  for  assaying  interferons  have  been  adequately 
discussed  in  several  recent  reviews  (Finter,  1973;  Buckler, 
1977).  The  dye  uptake  method  is  considered  highly  precise  and 
convenient  and  moderately  simple  in  technique.  As  such, 
it  compares  favorably  with  other  methods.  Thus,  a  semi¬ 
micro  dye  uptake  technique  has  been  adapted  for  use  as  the 
primary  interferon  assay  in  this  laboratory  (Borden,  1977). 

a.  General  description  of  assay 

Cells  are  inoculated  into  2  ml  wells  on  a  96-well  tray 
(Linbro,  Hamden,  Conn.)  At  a  confluency  growth  media  is 
removed  and  serial  dilutions  of  interferon  are  added.  Inter¬ 
feron  dilutions  are  prepared  in  Hanks  Balanced  Salt  Solution 
(HBSS)  in  medium  199  plus  2%  fetal  calf  serum  (FCS)  with  an 
Oxford  automatic  pipetter.  0.5  ml  of  each  dilution  is  added 
to  each  of  2  wells.  After  20-24  hours  at  370C  in  a  CO2 
incubator,  interferon  samples  are  aspirated,  the  cells 
washed  once  with  HBSS  (1.0  ml)  and  challenge  virus  (0.5  ml) 
in  HBSS-199  with  2%  FCS  added.  At  90-95^  CPE  in  viral  control 
wells  (48  hours),  virus  is  removed  and  the  remaining  viable 
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cells  stained  with  2.2%  neutral  red  in  Earles  Balanced  Salt 
Solution  (EBSS)  for  75  minutes  at  370C,  The  supernatant  is 
then  removed,  the  cells  washed  once  with  EBSS,  and  the 
intracellular  dye  eluted  with  1.5  ml  solution  of  absolute 
ethanol  and  0.1  M  NaH2P04  (1:1  solution).  The  eluted  dye 
is  measured  colorimetrically  at  540  mu  on  a  Gilford  Stasar  II 
spectrophometer.  The  interferon  titer  is  the  inverse  of 
that  dilution  at  which  50%  of  the  cells  are  protected: 

(optical  density  (OD)  of  cell  control  +  OD  viral  control). 

In  each  assay,  an  in-house  standard  is  titered,  which  has 
been  compared  to  a  NIH  reference  standard.  Thus  interferon 
titers  can  be  adjusted  to  the  in-house  standard  or  to  the 
international  standard  and  compared  between  tests  or  labora¬ 
tories. 

All  assays  are  done  in  a  laminar  airflow  hood  and  in 
covered  96-well  trays.  Contamination  is  very  rare.  Cells 
and  reagents  are  prepared  and  dispensed  with  automatic 
pipetters  (Biorad  and  Cornwall)  resulting  in  maximum  precision 
and  convenience. 


b.  Cells 


L929  mouse  fibroblasts  were  selected  for  the  mouse  inter¬ 
feron  assay  since  these  cells  are  of  a  continuous  line  with 
rapid  growth  characteristics.  L929  cells  were  suspended  in  HBSS- 
199  with  2%  PCS  and  0.8  ml  inoculated  into  each  well  of  the  inter¬ 
feron  tray.  Too  heavy  an  inoculum  prevented  completion  of  the 
assay  because  of  cell  overgrowth  and  fragility  of  the  mono- 
layer.  Too  sparse  a  monolayer  on  the  other  hand,  usually 
decreases  the  sensitivity  of  the  test.  In  the  range  of  usual 
seeding  densities,  however,  the  interferon  titer  does  not 
significantly  vary  (Table  32).  Over  long  periods  of  time  the 
L929  cells  have  variable  growth  rates  and  therefore  adjustments 
in  seeding  concentrations  are  needed.  Currently  using  2x10^ 
or  1x10^  cells/ml  results  in  a  confluent  monolayer  ready  for 
the  assay  in  1  or  3  days,  respectively.  Various  sublines  of 
L929  cells  differ  in  sensitivity  to  virus  and  interferon. 

Two  different  subl ines--L929A  and  L929B--were  screened  in  the 
assay.  A  subline  from  E.C.  Borden,  University  of  Wisconsin, 
was  chosen  for  use.  This  line  (L929B)  formed  better  monolayers 
in  the  plastic  trays  and  proved  to  be  more  sensitive  (more 
cells  are  protected)  to  a  standard  interferon  sample  at  all 
challenge  virus  concentrations  tested  (Table  33).  For  example. 


Table  32.  Cell  Concentration-Effect  of  Interferon  Titer. 


Seeding  Cell 
Concentration* 

(cells/ml)  •  IF  Titer** 


2.0x10^ 

1500 

1.5x10= 

2100 

1.0x10= 

1800 

0.5x10= 

190n 

*0.75  ml  of  cells  were  inoculated  into  each  well.  At  24  hours, 
a  standard  interfe  was  used  to  protect  against  VSV.  Subse¬ 
quently  the  titer  of  IF  was  determined. 

**Reciprocal  dilution  of  interferon 


Table  33.  Interferon  Standard  (IF  15-77)  on  L929A  and  L929B 
Cells  with  VSVfl  and  VSVA  as  Challenoe  Virus* 


Amount  of 
Challenge 
Virus 
(pfu/wel 1 ) 


Interferon  Titer 

VSV  B  as  Challenge  Virus  on:  VSV  A  as  Challenge  Virus 

L9?j7rCe1'lY  1 9?9^  C'elTs  CeTTs  L^lTCeTTs 


2.5x10^  , 

<<400 

«400 

3.5x106 
2.5x10*’  ^ 

«400 

«400 

«400 

«400 

3.5x10= 
2.5x105  . 

«400 

2300 

<400 

2300 

3.5x10^ 
2.5x10^  , 

850 

2900 

1200 

2300 

3.5x103 

lonn 

2600 

3.5x102 

.... 

2200 

3.5x10 

ngoo 

*Seria1  two-fold  dilutions  (1:400  lo  1:3200)  of  interferon  stan¬ 
dard  IF  15-77  were  tested  for  nrnteefinn  of  either  L929A  or 
L929B  cells  against  viruses  VSV  A  and  VSV  B.  Interferon  titer 
is  the  reciprocal  of  the  interferon  dilution  which  protected 
50^  of  the  cells  at  that  viral  concentration. 
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using  Vesicular  Stomatis  Virus  (VSV  B)  at  3.5x10^  pfu/well 
as  the  viral  challenge,  the  IF  sample  titered  1:850  on 
L929  A  cells  and  1:2900  on  L929  B  cells. 

c.  Interferon 

Interferon  samples  are  prepared  as  below.  Generally, 
two-fold  dilutions  are  used  for  precision  and  accuracy  in 
the  assay.  Cells  are  treated  with  the  interferon  samples 
for  24  hours  but  by  4  hours  antiviral  effect  is  evident. 

The  in-house  standard  preparation  of  interferon  (IF  15-77) 
titers  1:3075  with  a  standard  deviation  of  1790  (22  determi¬ 
nations).  NIH  reference  standard  G002-904-511  titers  1:5200 
(1  determination).  Determinations  from  7  laboratories  using 
a  VSV  plaque  reduction  assay  resulted  in  a  mean  of  1:6485 
(standard  deviation  of  5416)  with  this  NIH  reference  standard. 
Although  there  can  be  a  wide  variation  in  the  absolute 
titers  of  interferon  samples  from  1  assay  to  another 
(reproducibility),  the  relative  titers  of  samples  within  1  assay 
is  maintained  in  other  assays  of  the  same  samples  (Table  34). 

d.  Virus 

VSV,  although  only  moderately  sensitive  to  interferon, 
is  the  most  commonly  used  challenge  virus  in  interferon 
assays.  Some  arboviruses  such  as  SFV,  Sindbis  and  Chikun- 
gunya  have  been  reported  as  being  more  sensitive  in  IF  assays 
and  thus  have  been  used  for  challenge  virus.  In  this  labora¬ 
tory  Sindbis  virus  showed  little  CPE  at  2  days  on  the  L929 
cells  and  therefore  was  not  used.  The  risk  of  possible  human 
infection  contraindicates  the  use  of  Chikungunya  as  the 
viral  challenge.  SFV,  both  the  avirulent  A774  strain  and  the 
lethal  LIO  strain,  proved  to  be  both  sensitive  to  interferon 
and  cytotoxic  for  L929  cells.  However,  SFV  was  used  in  some 
experiments  as  an  inducer  of  interferon  and  therefore  to 
avoid  any  possibilities  of  SFV-specific,  non- interferon 
inhibitors  or  viral  growth  in  the  IF  assay,  SFV  could  not  be 
used  as  the  viral  challenge. 

Two  different  strains  of  VSV,  New  Jersey,  were  tested 
on  L929  B  cells.  There  was  little  difference  in  the  sensitivi¬ 
ties  of  these  strains  to  the  interferon  standards  (Table  33). 

The  interferon  titered  1:2300  on  L929  B  cells  when  challenged 
with  3.5x10^  pfu/well  of  VSV  B  or  with  2.5x10^  pfu/well  of  VSV  A. 
VSVB,  however,  usually  caused  more  cytopathic  effect  in  cells 
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Table  34.  Intra-Assay  Relative  IF  Titers  -  Comparison  Bety<een 
Two  Assays 


Interferon  Titer 

Sample* 

Assay  1 

Assay  2 

1 

500** 

<800 

2 

2700 

1300 

3 

2550 

1250 

4 

7500 

3800 

♦The  same 

interferon  samples  were  assayed  at  2  different  times. 

♦♦Reciprocal  interferon  dilutions 

Table  35. 

Cytopathic  Effect  Measured  by  Optical 
Viral  Controls 

Density  on 

Challenge  Virus 

Added  (pfu/well)  VSV  A 

VSV  B 

2.5x107 

^  .132* 

3.5x10® 

.130 

2.5x10^ 

.  .154 

3.5x10® 

.075 

2.5x10^ 

,  .213 

2.5x10^ 

3.5x10^ 

.142 

.172 

♦Optical  Density  is  the  average  OD  of  at  least  3  wells  of 
cells.  Variation  of  OD  between  identical  wells  is  <10%. 


not  treated  with  interferon  (viral  controls)  than  did  VSVA 
(Table  35).  For  this  reason,  VSB  is  used  as  the  challenge 
virus.  The  effect  of  MOI  of  challenge  virus  on  the  titer 
of  interferon  sample  was  examinedjat  higher  multiplicities 
of  viral  challenge  (>0.5)  interferon  titer  decreased  (Table  36), 
whereas,  with  MOI's  between  approximately  0.1  and  .001 
interferon  titer  tended  not  to  vary  significantly.  Low 
multiplicities  necessitated  extending  the  duration  of  incuba¬ 
tion  of  the  challenge  virus  for  cytotoxicity  to  become  evident. 


Table  36.  Effect  of  Challenge  Virus  MOI  on  Interferon  Titer 
of  Interferon  Standard  IF  15-77  on  L929B  Cells. 


Amount  of  Challenge  VSB  B  Approximate  Interferon* 

(pfu/well)  MOI  Titer 


3.5x105 

1.0 

1375* 

1.7x10= 

0.5 

2400 

3.5x10^ 

0.1 

3600 

1.7x10A 

0.05 

4000 

3.5x103 

0.01 

3750 

3.5x10^ 

0.001 

5200 

3.5x10 

0.0001 

>6400 

♦Reciprocal 

of  the  dilution  that  protects 

50%  of  cells. 

2.  Interferon  Inductions 

In  this  laboratory,  in  vit£o  induction  of  interferon  pro¬ 
duction  generally  is  donel’n^ST-well  trays  (Linbro,  5  ml/well). 
For  mouse  interferon,  wells  are  inoculated  with  2  ml  of 
2xin5/ml  of  L929  B  cells  and  are  ready  for  induction  in  1-2 
days.  Growth  media  is  aspirated .the  inducer  (1.0  ml)  is  added 
to  the  center  of  the  monolayers  by  means  of  an  automatic 
pipette  and  the  tray  is  gently  rocked.  Different  inducers 
are  always  inoculated  into  at  least  duplicate  wells.  After 
1  hour  at  370C,  the  inducer  is  aspirated,  the  cells  washed 
once  with  1  ml  BBSS,  and  2  ml  growth  media  added.  Unless 


the  kinetics  of  interferon  are  being  studied,  the  growth 
media  containing  the  interferon  is  harvested  at  24  hours. 
Samples  induced  by  polyriboinosinic:  Polyribocytidyl ic 
acid  (rIntrCn)  need  no  further  treatment  and  can  be  stored 
indefinitely  at  -70°C.  Samples  induced  by  virus  are  treated 
with  0.15  M  perchloric  acid  for  30-90  minutes,  and  the  super¬ 
natant  containing  the  interferon  dialyzed  against  FBSS  to 
restore  the  pH  to  7.3.  These  samples  are  then  diluted  1:1 
with  HBSS-199  with  1%  PCS  and  stored  at  -70°C.  Virus-induced 
interferon  preparations  are  tested  undiluted  at  lO"^  dilu¬ 
tions  for  the  presence  of  remaining  virus.  No  virus  has 
been  demonstrated;  thus  the  antiviral  effect  is  not  secondary 
to  non- interferon  viral  interference. 

L929  cells,  unlike  rabbit  or  human  cells,  produce  little 
or  no  interferon  in  response  to  rIn:rCn  alone.  The  rIn:rCn 
must  first  be  complexed  with  DEAE-dextran ,  presumably  resulting 
in  enhanced  adsorption  and  protection  from  nucleases.  To 
determine  the  optimal  amount  of  rin: rCn/DEAE-dextran  for 
inducing  interferon  production,  a  dose  response  curve  was 
done  (Table  37).  Neither  rIn:rCn  nor  DEAE-dextran  alone 
produced  interferon.  With  a  constant  concentration  of 
rInrrCn,  production  of  interferon  correlated  with  higher 
concentrations  of  DEAE-dextran,  A  ratio  of  1:4  rIn:rCn/DEAE- 
dextran  results  in  optimal  interferon  production  as  previously 
reported.  As  a  result  of  these  findings,  interferon  induc¬ 
tions  on  L929  B  cells  are  generally  done  with  rIn:rCn/DEAE- 
dextran  at  100  ug/ml:400  ug/ml.  In-house  interferon  standards 
have  been  made  by  inducing  several  75  cm^  flasks  of  L929  cells 
with  Newcastle's  Disease  Virus  (NDV)  or  rIn: rCn/dextran. 

For  in  vivo  inductions  of  interferon,  rInirCn  (25  ug/ 
mouse)  is  injected  IV  and  the  interferon  harvested  at  various 
times.  Viral  iji  vivo  inductions  are  done  IP.  These  interfe¬ 
ron  samples  are  prepared  as  above. 

B.  Differences  in  Interferon  Induction  and  Sensitivity 
Between  Two  Strains  of  Semliki  Forest  Virus  (SFV):  A774  and 
LIO  Viruses. 

The  A774  strain  of  SFV  is  avirulent  in  several  mouse 
lines  whereas  the  LIO  strain  is  highly  lethal.  With  the 
exception  of  higher  virus  titers  and  prolonged  presence  of 
the  LIO  strain  in  brain  and  spleen,  little  can  be  distin¬ 
guished  between  the  infections  of  these  two  viruses  in  mice. 


Table  37. 


Dose  Response  of  rIn:rCn  +  DEAE-Dextran  and  In¬ 
duction  of  IF  Production* 


rInrrCn** 

(ug/ml) 

DEAE-dextran** 

(ug/ml) 

Interferon  Produced*** 

50 

0 

0 

100 

0 

0 

200 

0 

0 

100 

50 

14 

100 

100 

700 

100 

200 

1800 

100 

400 

4000 

100 

800 

3600 

200 

100 

<800 

200 

200 

1300 

200 

400 

1250 

200 

800 

3800 

*L929  B  cells, 

**When  complexed  together  the  rInrrCn  and  DEAE-dextran  were 
mixed  at  room  temperature  for  15-30  minutes  prior  to  induc¬ 
tion.  All  concentrations  are  final  after  mixing.  rIn:rCn 
was  obtained  from  Gibco.  All  dilutions  were  made  in  EBSS. 

***Reci procal  of  dilution  protecting  b0%  of  cells. 


Efforts  to  explain  the  virulence  differences  on  the  basis  of 
defective  interfering  particles  or  interferon  have  been 
unsuccessful.  In  relatively  insensitive  interferon  tests, 
interferon  was  found  in  brain  and  blood  in  low  amounts  and  was 
not  felt  to  be  related  to  the  primary  expression  of  virulence. 
In  further  characterization  of  the  differences  of  A774  and 
LIO  infections,  inoculation  of  mice  with  avirulent  A774 
protected  mice  from  the  lethal  LIO  in  a  biphasic  manner.  Late 
protection  (after  6  days)  correlates  well  with  the  presence 
of  specific  serum  antibody.  An  early  protective  phase 


(18  hours  to  4  days)  is  nonspecific,  can  be  ablated  with 
silica  and  cytoxan,  and  is  not  associated  with  antibody. 
Efforts  were  begun  to  evaluate  the  possible  role  of  inter¬ 
feron  in  the  pathogenesis  of  L10  and  A774  infections  and  the 
early  protective  phase  induced  by  A774.  Initial  work  ejupha- 
sized  the  capabilities  of  A774  and  LIO  to  induce  interferon 
in  vitro  and  respond  to  it. 

Duplicate  wells  of  L929B  cells  were  infected  with  LIO 
and  A774  viruses  at  several  different  MOI's.  At  24  hours, 
the  supernatant  was  harvested  and  interferon  assayed.  No 
interferon  was  detected  in  the  supernatant  from  cells 
induced  by  the  avirulenr,  A774  (Table  38),  whereas  the  induc¬ 
tion  of  interferon  by  LiO  correlated  with  the  MOI.  The  low 
yield  of  interferon  at  low  MOI  conceivably  resulted  from 
harvesting  the  supernatant  too  early;  thus,  the  kinetics  of 
interferon  production  wi're  examined.  At  48  hours,  interferon 
was  produced  in  response  to  A774  but  still  in  lower  amounts 
than  that  produced  by  LIO. 


Table  38.  Differential  Induction  of  Interferon  by  LIO  and 
A774  Strains  of  Semliki  Forest  Virus. 


Virus 

Interferon* 

Strain 

MOI 

Titer 

LIO 

n.oi 

65 

0.  1 

310 

1.0 

780 

10 

1150 

A774 

0.01 

0 

0.  1 

0 

1.0 

0 

10 

0 

*1 /dilution  resulting  in  SOt  protection. 


Duplicate  wells  of  L9:?9B  cells  were  infected  with  LIO 
and  A774  viruses  at  several  different  MOI's.  At  24  hours, 
the  supernatant  was  harvested  and  interferon  assayed.  No 
interferon  was  detected  in  the  supernatant  from  cells  in¬ 
duced  by  the  avirulent  A774  (Table  38),  whereas  the  induction 
of  interferon  by  LIO  correlated  with  the  MOI.  The  low  yield 
of  interferon  at  low  MOI  conceivably  resulted  from  harvesting 
the  supernatant  too  early;  thus,  the  kinetics  of  interferon 
production  were  examined.  At  48  hours,  interferon  was  pro¬ 
duced  in  response  to  A774  but  still  in  lower  amounts  than 
that  produced  by  LIO. 

Since  temperature  sensitive  mutants  of  SFV  can  vary  in 
their  ability  to  induce  interferon  depending  on  temperature 
and  MOI,  (Lomniczi  and  Burke,  1970),  A774  and  LIO  were  tested 
at  2  different  MOI's  for  the  induction  of  interferon  at  30°C, 
350c,  and  39OC.  A774,  in  this  experiment,  did  not  induce 

interferon  production  at  either  high  or  low  MOI's  at  any 
of  the  three  temperatures  (Table  39).  As  compared  to  other 


Table  39. 

Induction  of  Interferon  by  LIO  and  A774  at  Various 
Temperatures. 

Virus 

Strain 

MOI 

Interferon  Titer  at  24  Hours* 

3TP 

LIO 

.01 

<20 

<20 

45 

1.0 

23 

215 

350 

A774 

.01 

<20 

<20 

<20 

1.0 

<20 

<20 

<20 

♦Reciprocal  serum  dilution 


experiments,  L10  induced  less  interferon  than  usual,  but  it 
still  produced  significant  amounts  at  a  MOI  of  1.0.  Higher 
temperatures  were  associated  with  greater  interferon  produc¬ 
tion.  It  is  possible  that  A774  would  produce  detectable 
interferon  in  cultures  held  longer  than  24  hours.  Nonetheless, 
the  data  suggest  that  lack  of  interferon  induction  at  37®C 
by  A774  is  not  a  result  of  a  temperature  sensitive  step  which 
would  be  reversed  at  30°C. 

Correlations  between  high  interferon  production  and 
both  good  and  poor  virus  growth  have  been  made.  Likewise, 
low  interferon  production  has  been  associated  with  both  good 
and  poor  virus  g'^owth.  Finter  (1964)  described  two  strains 
of  SFV,  one  of  which  grew  to  lower  titers,  yet  produced  more 
interferon.  No  studies  of  virulence  of  these  two  strains 
were  done.  To  examine  both  the  growth  characteristics  and 
interferon-inducing  capabilities  of  A774  and  LIO,  L929B  cells 
in  6  well  trays  were  challenged  at  2  MOI's.  At  each  time 
point,  2  ml  of  media  was  removed  from  duplicate  wells  and 
the  wells  refed;  these  samples  were  assayed  for  interferon. 

In  a  duplicate  set  of  wells,  0.2  ml  of  media  was  removed 
for  virus  plaque  assay  and  replaced  with  fresh  media.  In  this 
experiment,  A774  induced  some  interferon,  but  in  significantly 
lower  amounts  than  LIO  (Tables  40  &  41).  Peak  interferon 
production  was  detected  at  48  hours  when  challenge  virus  was 
at  a  MOI  OF  0.01  and  at  24  hours  for  a  MOI  of  10.  LIO 
produced  more  interferon  than  A774,  yet  the  latter  virus 
grew  to  a  higher  titer.  LIO  virus  reached  peak  titers  at 
24  hours,  whereas  A774  peaked  at  48  hours.  Simplistical ly, 
it  appears  that  the  higher  induction  of  interferon  by  LIO 
results  in  early  suppression  of  viral  growth. 

Preliminary  results  indicate  that  LIO  might  also  be 
more  sensitive  to  interferon  than  is  A774.  Monolayers  of  L929B 
cells  were  ove^layed  for  24  hours  with  dilutions  of  a  standard 
interferon  sample  (IF  15-77).  At  24  hours,  interferon  was 
removed  and  40-60  pfu  of  either  LIO  or  A774  was  adsorbed  to 
the  cells.  After  1  hour  at  37°  the  cells  were  overlayed  with 
agar.  Plaques  developed  after  48  hours.  A  1:4100  dilution  of 
interferon  reduced  the  number  of  LIO  plaques  to  50%  of  control, 
but  it  took  a  1:2800  dilution  of  interferon  to  reduce  the 
A774  plaques  to  50%  of  control. 

Studies  are  underway  to  determine  if  the  differences  in 
interferon  induction  and  sensitivity  between  SFV  strain 
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Table  40.  Interferon  Titers  at  Different  Times  after  Infection 
by  two  strains  of  Semliki  Forest  Virus. 


Virus 

Interferon  Titers 

at  Hours 

Post  Inoculation 

Strain 

MO  I 

6 

^4 

48 

LIO 

.01 

<10* 

640 

2000 

60 

10 

10 

<10 

980 

100 

20 

10 

A774 

.01 

<10 

180 

280 

<100 

10 

10 

<10 

310 

<100 

25 

10 

*Reciprocal  serum  dilution 

Table  41 

.  Virus 

Titers  at 

Different 

Times  after  Infection 

by  Two  Strains  i 

of  Semliki 

Forest  ' 

i/irus 

Virus 

Viral  ■ 

Titers  at 

Hours  Post  Inoculation 

Strain 

MOI 

6 

24 

48 

96 

LIO 

.01 

1.5x102 

5.7x10^ 

5.2x10^ 

2.9x10® 

1.0x10® 

10 

7.9x10^ 

2.9x10^ 

8.5x10^ 

4.5x10® 

3.9x10® 

A774 

.01 

5.0x10^ 

I.OxlO^ 

2.5x10^ 

9.5x10® 

7.5x10® 

10 

2.4x10^ 

4.3x10® 

1.7x10^ 

2.8x10® 

1.9x10® 

3‘’7 


LIO  and  A774  observed  iji  vitro  also  occur  in  vivo.  On  the 
basis  of  experimental  results  available  so'Tar,  the  differ¬ 
ences  tn  virulence  between  LIO  and  A774  cannot  be  explained 
by  interferon  production  alone. 
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1.  A  simple,  reliable,  and  tnonomieal  method  for  the  detection 
of  penicillinase-producing  Ne isseria  gonorrhoeae  using  a  peni¬ 
cillin  disk  and  a  penicillin-sensitive  organism  was  developed. 

2.  Infecting  gonococcal  strains  1 t am  2  consorts  isolated  at 
different  times  were  found  to  possess  different  attachment 
antigens.  This  antigenic  variation  may  account,  in  part,  for 
recurrent  gonococcal  infections. 

3.  A  new  transport  media  for  (X;  has  been  developed. 

4.  Gonococcal  pill  and  native  cell  wall  complex  competitively 
inhibit  the  attachment  of  gonococci  to  human  buccal  epithelial 
cells.  Gonococcal  lipopolysacchar ide  inhibits  the  attachment 
in  a  nonspecific  manner.  Gonococcal  pill  and  native  complex, 
but  not  llpopolysaccharide  can  adsorb  the  antibodies  in  vaginal 
secretions  which  inhibit  the  attachment  of  N.  gonorrhoeae  to 
epithelial  cells. 

5.  Twenty-four  thlosem icarbazone  compounds,  a  class  of  drugs 
with  antimalarial  activity,  were  tested  for  ability  to  inhibit 
the  growth  of  S^.  aureus ,  Group  D.  enterococcus ,  £.  aeruginosa, 
K,  pneumonia,  f  lexnerl ,  S.  dyseiiteriae,  E.  col  i ,  I^.  vulgaris 

gonorrhoeae  and  N.  meningi t id  is .  Eight  of  these  compounds 
were  found  to  have  promising  activity. 

6.  A  pilot-plant  batch  of  a  nontoxic  polysaccharide  has  been 
prepared  for  I’seudmonas  aeruginosa,  typo  1. 


7.  An  Inununochemlcal  relationship  between  diphtheria  toxin  and 
aeruginosa  Toxin  A  has  been  established. 

8.  The  use  of  rough  core-defective  mutants  of  Salmonella 
minnesota  has  given  some  insight  into  the  cell  receptor  sites 
of  pyocins. 

9.  An  improved  method  for  preparing  streptococcal  group  B 
polysaccharide  has  been  formulated. 

10.  The  antibody  response  of  patients  with  bacteremia  at  WRGH 
has  been  studied. 

11.  Rough  strains  of  E.  coli  which  possess  the  K1  antigen  are 
resistant  to  the  bactericidal  action  of  serum. 

12.  A  factor  released  from  PHA-act ivated  mononuclear  cells 
which  enhances  the  bactericidal  activity  of  granulocytes  has 
now  been  shown  to  be  produced  by  long-term  cultured  lymphocytes. 

13.  A  high  proportion  of  organisms  isolated  from  the  blood  of 
patients  at  WRGH  have  been  shown  to  carry  transferable  drug 
resistance . 

14.  A  vaccine  against  meningococcal  group  B  disease  has  been 
developed  and  found  to  be  safe  and  immunogenic  in  volunteers. 

15.  Antibodies  against  the  meningococcal  outer  membrane  proteins 
which  arise  after  natural  infection  are  directed  against  labile 
determinants . 

16.  A  continuous  in-line  chromatographic  process  for  the 
separation  of  IgA,  IgM  and  Ig  In  small  volumes  of  serum  has 
been  developed. 

17.  An  outbreak  of  meningococcal  group  A  disease  in  the  Pacific 
Northwest  has  been  studied. 

18.  The  immune  response  of  a  pediatric  population  following 
infection  with  meningococci  has  been  studied. 

19.  Capsular  polysaccharide  vaccines  against  meningococcal 
minor  serogroups  Y,  W135,  and  29E  have  been  prepared  and  pre¬ 
liminary  tests  for  safety  and  immunogenlcity  have  been  conducted 
in  volunteers. 

20.  Purified  IgA  from  sera  of  patients  convalescing  from  group 

C  meningococcal  disease  can  Induce  monocyte-mediated  bactericidal 


activity. 


21.  In  vlt ro  cultured  methods  have  been  developed  to  measure 
the  ability  of  human  peripheral  blood  lymphocytes  to  produce 
IgG,  IgM  or  IgA. 

22.  Antiserum  against  type  14  pneumococci  exhibits  opsonic 
activity  against  group  B  type  III  streptococci. 

1.  Small,  low  volume  field  laboratories,  assigned  to  military 
field  units  require  a  simple  test  for  detecting  penicillinase- 
producing  Neisseria  gonorrhoeae  for  which  test  materials  and 
control  organisms  can  be  easify  stored  and  maintained.  The 
following  procedure  has  been  devised: 

A  penicillin-sensitive  organism,  preferably  Staphylococcus 
aureus ,  is  streaked  upon  a  pLate  in  a  manner  similar  to  that 
used  for  antibiotic  sensitivity  testing  by  tfie  Bauer-Kirby 
methods.  A  penicillin  disk  (10  U)  is  placed  on  the  lawn  of 
organisms.  A  heavy  inoculum  of  test  organism  is  streaked  out¬ 
ward  from  the  disk ■  Strains  producing  penicillinase  distorted 
the  zone  of  inhibition.  A  penicillinase-producing  (not  neces¬ 
sarily  gonococci)  and  non-penicillinase-produclng  organisms  are 
also  streaked  as  controls.  Penicillinase-producing  gonococci, 
as  well  as  other  penicillinase-producing  organisms,  such  as 
Haemophilus  influenzae ,  Escherichia  co  1  i ,  Serratia  marcescens , 
and  aureus ,  can  be  detected.  Furthermore,  the  amount  of 
penicillinase  produced  by  the  unknown  organisms  can  also  be 
quantitated.  This  simple  techniqiie  has  the  advantage  of 
utilizing  a  standard  antibiotic  sensitivity  testing  method  and 
readily  available  penicillin  sensitivity  discs.  Maintaining 
penicillin  sensitive  staphylococci  on  an  agar  slant  or  a  plate 
over  a  long  period  of  time  is  not  difficult.  Preliminary 
results  can  be  obtained  in  6  hr.,  and  tills  technique  is 
sensitive  and  specific  for  penicillinase  production.  Also, 
non-betalactamase-mediated  resistance  can  be  discerned  when 
an  unknown  organism  grows  in  the  presence  of  penicillin,  but 
does  not  distort  the  zone  of  inhibition  of  the  test  organism. 

2.  Based  on  bactericidal  typing,  pyocin  typing  (table  1)  and 
antibiotic  sensitivity  tests,  2  consorts  appear  to  have  been 
reinfected  34  and  41  days  later,  respectively,  with  the  same 
gonococcal  strain,  suggesting  a  failure  in  these  patients  to 
develop  effective  Immunity  to  re-lnfectlon.  However,  these 
tests  did  not  measure  antigens  which  mediate  attachment,  a 
function  which  may  correlate  with  virulence.  When  the  above 
Infecting  strains  were  tested  in  an  inhibition  of  attachment 
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assay,  using  rabbit  gonococcal  antisera,  the  antigens  mediating 
attachment  were  found  to  be  different  (table  2).  Homologous 
antisera  inhibited  attachment  of  the  homologous  strain  at  a 
high  titer.  Absorbing  the  antisera  with  the  initial  infecting 
strain  did  not  remove  any  of  the  blocking  activity  of  the  anti¬ 
sera  raised  to  the  re-infecting  strain,  but  the  latter  strain 
did  share  some  attachment  antigens  in  common  with  the  initial 
infecting  strain.  Homologous  antisera  also  bound  preferentially 
to  pill  purified  from  the  homologous  strains  (table  3). 


3.  Neisseria  gonorrhoeae  do  not  survive  transport  by  mail  very 
well.  In  order  to  better  define  the  epidemiology  of  gonorrhea 
in  certain  geographical  areas  (l.e.,  Ft.  Bragg,  Korea)  an 
improved  transport  medium  was  developed,  so  that  strains  could 
be  sent  to  WRAIR,  for  study.  This  medium  is  basically  a 
modification  of  other  previously  described  formulae.  After 
overnight  incubation  at  37°  under  five  to  ten  percent  carbon 
dioxide,  gonococci  remains  viable  at  room  temperature  for  up 
to  7  days.  This  medium  is  currently  being  tested  under  field 
conditions  in  collaboration  with  personnel  based  at  Ft.  Bragg. 
The  formula  for  the  medium  is: 

Transport  Medium 


1.  Protease  Peptone  #3  15  gm. 

(Dif co) 

NaCl  5  " 

Dipotassium  phosphate  A  " 

(K2H  PO4) 

Potassium  (KH2P0^)  dlhydrogenphosphate  1  " 

Soluble  Starch  1  " 

NaHC03  150  mg. 

D.H2O  790  ml . 

pH  7.2  -  adjust 

2.  Add  Oxoid  Agar  9  gm. 

Bring  to  boil 

Autoclave  15  min.  cool 


3. 

Add 

100  ml.  Inactivated  Horse 
56°  -  30  min) 

Serum 

A. 

Add 

Dextrose 

5  gm.  in  100  ml.  D.H2O 

5. 

Add 

20  ml.  Defined  Supplement 
100  ml. 
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Sol.  I  80  ml.  50%  Dextrose 

1  ml.  0.2%  cocarboxylase 
Sol.  II  83  mg  Fe  (^3)3  .9H2O 

in  19  ml.  D.H2O 


1  gm.  L-glutamine 

Mix  two  solutions,  filter  and  freeze 

6.  Add  10  m.  VCN  Inhibition 

Vancomycin  3  mcg/ml. 

Colistan  7.5  meg  1  ml. 

Nystatin  12.5  units/ml 


A.  Gonococcal  pill,  1 ipopolysaccharlde  (LPS) ,  and  native  complex 
(NC) ,  were  studied  to  determine  which  antigen  is  primarily  re¬ 
sponsible  for  inducing  the  attachment-inhibiting  antibody.  Gono¬ 
coccal  pill  were  purified  using  the  mo.thod  of  Brinton.  When  the 
pill  preparation  was  examined,  using  SOS  polyacrylamide  gel 
electrophoresis,  only  a  single  protein  band  was  present.  Ultra¬ 
violet  spectrophotometry  confirmed  the  absence  of  contaminating 
nucleic  acid  in  the  preparation.  Lipopolysaccharide  was 
extracted,  using  the  phenol-water  method  of  Westphal,  and  further 
purified  using  a  G-lOO  Sephadex  column.  Native  cell  wall  complex 
was  prepared,  according  to  the  method  of  Zollinger.  This  prepara¬ 
tion  was  shown  to  contain  pill  by  its  ability  to  inhibit  the 
binding  of  antlgonococcal  rabbit  antibody  to  purified  plli 
antigen  in  the  solid  phase  radioimmunoassay.  The  native  cell 
wall  complex  of  colony  type  T2  used  throughout  this  study,  was 
shown  to  contain  LPS  by  determining  the  2  keto-3  deoxy  (KDO) 
sugar  content  of  the  sample  by  Osborne  assay.  Again,  absence  of 
nucleic  acid  was  confirmed  using  UV  spectrophotometry.  Pill,  LPS 
or  NC  were  used  as  the  antigen  in  the  solid  phase  radioimmuno¬ 
assay  (SPRIA) .  Radio-labelled  antilinman,  goat  antisera  was 
used  as  the  secondary  antibody.  Genital  secretions  from  a 
single  Infected  patient  were  collected  over  a  four  month 
period,  pooled  and  concentrated  to  25  ug/ml  total  antibody  as 
determined  by  SPRIA.  The  patient  was  treated  when  the  diagnosis 
was  first  made.  Inhibition  of  epithelial  cell  adhesion  was 
determined  as  previously  described  (Annual  Report,  1975). 

Because  of  the  competitive  inhibition  of  attachment  of  gonococci 
by  the  antigens  used  in  the  assay,  an  inhibition  test  could  not 
be  done  and  the  vaginal  secretions  had  to  be  absorbed  to  remove 
attachment- inhibiting  antibody.  The  absorptions  were  carried 
out  by  mixing  pllus  crystals,  NC  or,  LPS  bound  to  alum,  with 
the  vaginal  secretion.  The  antigen  complexes  were  removed  by 
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centrifugation.  The  efficacy  of  the  absorption  of  gonococcal 
antibody  was  determined  using  the  solid  phase  radioimmunoassay 
in  which  the  amount  of  antibody  in  the  absorbed  antisera  that 
bound  to  a  specific  gonococcal  antigen,  was  shown  to  be  reduced 
when  compared  to  the  amount  of  antigen-binding  antibody,  in 
unabsorbed  antisera. 

It  was  found  that  local  antibody,  inhibiting  attachment  of 
gonococci  to  epithelial  cells  was  removed  by  the  homologous 
pill  and  native  complex.  On  the  other  hand,  gonococcal  LPS  was 
Incapable  of  removing  inhibiting  antibody  (table  4,5). 

5.  The  thiosemicarbazones  have  been  studied  as  potential  agents 
for  the  treatment  of  mycobacterial  poxvirus,  and  malaria  in¬ 
fections.  As  a  preliminary  screening,  24  compounds  previously 
screened  by  Division  of  Experimental  Therapeutics  in  their 
antimalarial  drug  program,  were  tested  for  minimal  inhibitory 
concentration  against  a  wide  variety  of  bacteria  (table  6) .  In 
general,  the  spectrum  paralleled  that  seen  with  penicillin, 
especially  for  those  compounds  showing  the  least  toxicity  in 
mice,  l.e.,  compounds  H  &  L.  The  activity  is  unaffected  by 
penicillinase. 

6.  Polysaccharides  were  isolated  from  each  of  the  seven 
Fisher-Devlin  immunotypes  of  Pseudomonas  aeruginosa .  Each  was 
shown  to  be  of  high  molecular  weight,  serologically  related  to 
llpopolysaccharide ,  and  protective  In  mouse  challenge  experi¬ 
ments.  Cross  protection  was  elicited  between  types  1  and  2, 
when  50  pgm  doses  of  polysaccharides,  were  used  for  vaccination 
of  the  animals.  Although  immunotype  specific  protection  could 
be  elicited  by  10-20  nonogram  doses  of  llpopolysaccharide 
vaccines,  cross  protection  was  not  elicited  until  25-50  ugm 
vaccine  doses  were  employed.  The  LPS  vaccines,  but  not  the 
polysaccharide  preparations,  were  toxic  for  mice  at  these  doses. 
This  suggests  that  the  high  molecular  weight  polysaccharides 
derived  from  P.  aeruginosa  may  be  tolerated  by  humans  in  high 
enough  doses  to  elicit  cross  protection  among  serotypes. 

A  thirty  liter  batch  of  P.  aeruginosa  immunotype  1,  was 
grown  in  Tryptlcase  Soy  Broth  at  the  Forest  Glen  Facility.  See 
1978  Annual  Report,  Department  of  Biologic  Research,  Work  Unit 
136.  Cetavalon  (0.1  percent,  final  concentration)  was  added  and 
phenol  0.5  percent  final  concentration,  was  added.  The  pellet 
containing  organisms  and  nucleic  acld-Cetavalon  complexes  was 
removed  by  continuous  flow  centrifugation  and  the  supernatant 
passed  through  0.45A  milllpore  filters.  The  supernatant  fluid 
was  then  concentrated  on  a  PM- 30  ami  con  filter  to  600  ml.  and 
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was  precipitated  with  AOO  ml  ethanol.  The  pellet  was  re¬ 
dissolved  in  PBS.  Cetavalon  was  added  to  a  final  concentration 
of  0.1  percent,  the  precipitate  collected,  and  discarded.  The 
supernatant  was  precipitated  with  A  volumes  of  alcohol.  The 
pellet  was  collected,  and  dissolved  in  400  ml  of  1  percent 
acetic  acid,  and  maintained  at  90°C  for  18  hours.  This  was 
the  first  step  in  a  procedure  to  eliminate  LPS  by  cleaving  the 
acid  labile  link  between  lipid  A  and  2  keto  deoxyoctonate  (KDO) 
in  the  LPS  molecule.  The  suspension  was  cooled,  and  the 
precipitate  removed.  Three  successive  chloroform  extractions 
were  performed,  to  remove  contaminating  lipid.  The  material 
was  alcohol  precipitated,  washed  in  alcohol  and  acetone, 
redlssolved  in  PBS,  and  treated  with  an  equal  volume  (100ml) 
of  cold  90  percent  phenol.  After  collection  of  the  water 
layers,  this  step  was  repeated.  The  water  layers  were 
precipitated  with  alcohol.  The  precipitate  was  redissolved 
in  PBS,  and  pressed  over  7.5  liter  bed  volume  columns  of 
Sephadex  GIOO.  A  large  peak  was  identified  in  the  void  of 
anthrone  and  phenol  sulfuric  reactions  for  carbohydrate.  This 
peak  was  pooled,  alcohol  precipitated,  and  redissolved  in  150  ml 
of  water.  The  product  was  ultracentrifuged  at  100,000  x  g 
for  1  hour,  the  supernatant  collected,  and  precipitated  with 
alcohol,  redissolved  in  water,  and  dialyzed  for  72  hours, 
against  distilled  water.  The  concentration  was  adjusted  to 
1  mg/ml,  filter  sterilized  and  frozen.  Sterility  tests  were 
performed,  and  the  vaccine  was  shown  to  be  sterile.  The  vaccine 
was  bottled,  and  sampled  for  sterility.  The  vaccine  was 
non-pyrogenlc  in  rabbit  testing  at  the  0.25  ugm  level,  which 
is  100  times  better  than  the  current  meningococcal  standard. 
Analysis  for  LPS,  by  limulus  lysate,  did  show  a  'v2  percent  LPS 
contamination,  by  that  method.  Protein  could  not  be  detected 
by  the  method  of  Lowry.  By  amino  analysis,  that  vaccine 
contained  1  percent  protein.  Analysis  revealed  that  per  1000  ugm 
of  pseudomonas  vaccine  884.3  ugm  of  neutral  and  acidic  sugars, 
115.6  ugm  of  amino  sugars,  amino  acids,  and  unknown  material. 
Serum  from  patients  infected  with  Pseudomonas  aeruginosa  have 
been  anlyzed  for  opsonic  antibody.  To  date,  llpopolysaccharide , 
and  outer  membrane  complex  antigens,  are  the  most  efficient  at 
absorbing  opsonic  antibody  found  during  the  course  of  human 
infection.  Purified  pol vsaccharldes ,  and  polysaccharides 
Isolated  from  LPS,  have  not  efficiently  absorbed  opsonic  anti¬ 
body.  For  example,  patient  U,  had  continuous  Pseudomonas 
aeruginosa  bacteremia  for  4  months,  secondary  to  tricuspid 
valve  endocarditis.  His  opsonic  titre  in  the  microphagocytic 
assay  was  1:128  (final  dilution  1:1280).  His  organism  was  an 
Immunotype  6  by  agglutination,  and  solid  phase  immunotyplng. 
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His  sera  was  tested  in  the  microphagocytic  assay  at  a  dilution 
of  1:10  (final  dilution  1:100).  Type  6  polysaccharide  was 
unable  to  inhibit  the  reaction.  The  uninhibited  sera,  plus 
polymorphonuclear  white  blood  cells  killed  85  percent  of  the 
organisms  as  calculated  by  comparing  the  number  of  viable 
organisms  in  the  reaction  mixture  at  90  minutes  compared  to 
the  initial  numbers  at  the  beginning  of  the  experiment  (zero 
time).  Addition  of  LPS  prepared  by  phenol  water  extraction 
from  patient  U's  organism  at  a  final  concentration  in  the  test 
of  50  ugm/ml  reduced  the  killing  at  90  minutes  to  29  per  cent 
of  the  initial  Inoculum.  In  other  words,  LPS  was  able  to  in¬ 
hibit  66  percent  of  the  antibody  mediated  opsonic  kill  of  this 
organism.  Final  concentration  of  5  pgm  LPS/ml  inhibited 
3A  percent  of  the  kill,  and  .5  ygm  LPS/ml  was  unable  to  in¬ 
hibit  any  of  the  kill  with  85  percent  of  the  organisms  being 
killed  after  90  minutes  -  a  value  identical  to  the  uninhibited 
control  value.  The  inhibition  was  not  due  to  non-specific  anti¬ 
complementary  effects  since  50  pgm  LPS/ml  inhibited  100  percent 
of  the  opsonic  antibody  mediated  kill  in  a  complement  independ¬ 
ent  system.  We  have  found  that  high  titred  sera  such  as  that  in 
patient  U,  gives  the  same  degree  of  opsonic  mediated  killing  with 
or  without  the  addition  of  exogenous  complement.  At  a  dilution 
of  1:10  patient,  U’s  serum  killed  81  percent  of  initial  inoculum 
without  exogenous  complement.  At  a  dilution  of  1:100  (final 
dilution  1:1000)  without  exogenous  complement  patient  U's  heated 
sera  killed  99. 4, percent  of  the  organisms.  Interestinely ,  the  more 
dilute  sera  have  consistently  been  able  to  kill  a  larger  nuniier 
of  organisms,  implying  some  role  for  blocking  antibody  factors 
at  the  lower  dilutions.  This  is  not  inconsistent  with  serum 
killing  in  the  bactericidal  reaction  seen  in  the  chronic 
infections  such  as  brucellosis.  Attempts  were  made  to  purify 
polysaccharide  from  the  LPS  utilizing  acetic  acid.  The  material 
could  be  recovered  in  low  yield,  and  was  unable  to  inhibit  the 
opsonic  mediated  complement  dependent  killing.  This  is  consis¬ 
tent  with  other  data  on  the  type  6  lipopolysaccharide  which 
suggests  that  the  important  antigenic  determinants  in  its 
lipopolysaccharide  are  acid  labile.  In  summary,  analysis  of 
patient's  sera  has  yet  to  demonstrate  that  opsonic  antibody 
is  directed  against  the  acid  stable  component  of  the  lipopoly¬ 
saccharide  molecule,  but  is  directed  against  determinants  in 
the  LPS  molecule.  A  limited  number  of  sera  have  been  looked 
at,  and  more  must  be  examined  before  this  conclusion  is  warranted. 
One  particular  patient's  sera  has  been  especially  interesting  to 
analyze  because  this  patient  developed  the  kind  of  high  tit-x.u 
opsonic  mediated  protection  we  hope  to  achieve  through  vaccination. 
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7.  Studies  of  the  human  antibody  response  to  Pseudomonas  Toxin 
A,  during  and  following  infection  with  Pseudomonas  aeruginosa 
were  continued.  The  findings  indicated  that,  patients  who  died 
of  pseudomonas  sepsis  at  Walter  Reed  Hospital  did  not  produce 
antibody  to  Toxin  A,  (11/12  patients).  Three  of  the  patients, 
however,  were  infected  with  strains  of  aeruginosa  that  did 
not  produce  Toxin  A,  but  rather  the  newly  discovered  Exoenzyme 
S.  Several  of  the  patients  died  rapidly,  before  any  antibody 
response  could  have  been  expected.  The  findings  suggest  that 
Toxin  A,  and  possibly  Exoenzyme  S,  may  be  playing  a  role  in 
clinical  £.  aeruginosa  infection.  The  lack  of  response  to 
Toxin  A,  in  patients  who  subsequently  died  of  pseudomonas  sepsis, 
may  only  reflect  a  general  inability  to  respond  to  antigenic 
stimuli,  and  may  be  a  reflection  of  the  severity  of  their  ill¬ 
nesses.  In  four  of  the  patients  examined  thus  far,  opsonic 
antibody  could  be  demonstrated  despite  the  lack  of  antl-Toxin  A 
antibody.  This  would  be  evidence  against  the  proposition  that 
the  patients  who  died  had  a  general  inability  to  respond.  Like¬ 
wise,  three  patients  who  survived  Pseudomonas  aeruginosa  sepsis, 
and  made  good  antitoxin  A  antibody  shortly  thereafter,  died  of 
gram  negative  sepsis  due  to  other  causes,  and  again  suggestive 
that  antitoxin  A  antibody  may  play  some  mediating  role  in  pro¬ 
tection. 

Although  pseudomonas  Toxin  A,  and  diptherla  toxin,  have  the 
same  molecular  mechanisms  of  action,  they  have  not  been  shown 
to  be  related  antlgenlcally  or  chemically.  In  fact,  all  avail¬ 
able  evidence  would  indicate  that  they  are  not  related  immuno- 
logically,  in  that  antitoxin  A,  neither  inhibits  ADP  rlbosylation 
by  diphtheria  toxin  or  fragment  A  of  diphtheria  toxin,  nor 
protects  in  tissue-culture  toxicity  or  animal  model  systems. 
Likewise,  diphtheria  antitoxin  does  not  neutralize  the  enzymatic 
activity  of  Toxin  A,  or  neutralize  its  tissue  culture  or  mouse 
toxicity.  A  series  of  solid  phase  radioimmunoassay  inhibition 
experiments  were  performed  to  examine  the  immunochemical  relation 
between  these  two  toxins  in  more  depth.  Small,. but  measureable 
direct  binding  was  demonstrated  between  Exotoxin  A,  as  antigen, 
and  (1)  rabbit  anti-diphtheria  toxoid  (2)  anti-fragment  A  of 
diphtheria  toxin  (3)  anti-B  fragment  of  diphtheria  toxin  (very 
small  amount  of  binding).  Likewise,  a  small  amount  of  binding, 
above  background,  could  be  demonstrated  by  anti-pseudomonas 
toxin  A  for  Intact  diphtheria  toxin.  Solid  phase  inhibition 
studies  were  then  performed. 
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The  data  show  that  only  trypsin-treated  diphtheria  toxin, 
and  Fragment  A  of  diphtheria  toxin  were  able  to  inhibit  the 
reaction  between  pseudomonas  anti  toxin-A,  and  toxin  A  (table 
7).  This  indicates  that  the,  heretofore,  undetected,  common 
antigenic  determinant  between  these  two  toxins  is  found  in  the 
diphtheria  toxin  molecule  and  is  located  somewhere  on  the  A 
fragment.  Since  the  inhibition  Wi.th  trypsin-treated  diphtheria 
toxin  is  not  complete,  it  would  suggest  that  the  shared  de¬ 
terminant  is  an  immunochemical  one  for  pseudomonas  toxin  A. 
Likewise,  the  fact  that  pseudomonas  toxin  A,  cannot  inhibit  the 
diphtheria-anti-dlphtherla  toxin  reaction,  suggests  that  the 
common  determinant  between  toxin  A  and  diphtheria  toxin  is  not 
the  immunodominant  diphtheria  toxin  determinant.  These  immuno¬ 
chemical  relations,  coupled  with  common  NAD  dependence  and 
glycohydrolase  activities  for  pseudomonas  toxin  A,  diphtheria 
toxin  and  cholera  toxin  suggest  the  possibility  of  a  common 
ancestral  protein  toxin  for  these  three  bacterial  virulence 
factors . 

8.  Pyocins,  Induced  by  mitomycin  C  from  £.  aeruginosa,  and 
purified  by  ultracentrifugation,  were  shown  capable  of  killing 
core-defective  R-mutants  of  Salmonella  minnesota  in  a  selective 
manner  which  shed  light  on  the  chemical  nature  of  the  receptor 
in  the  lipopolysaccharide  core  (table  8).  The  smooth  strains 
with  complete  0  side  chains  were  resistant  to  all  pyocins  tested 
as  were  the  Re  mutant,  containing  lipid  A  and  KDO  and  the  Rd2 
mutant  containing  lipid  A,  KDO  and  a  single  heptose  in  their  LPS. 
the  Rdj^P"  mutant  identical  to  Rd2,  except  for  the  addition  of  a 
second  heptose  to  the  LPS  structure,  was  sensitive  to  pyocins 
D,  F,  G,  H,  I.  This  indicated  that  the  heptose-heptose  area  may 
be  the  receptor  area  for  these  pyocins.  The  Rd2^P'*'  mutant  differs 
from  the  Rdj^P”  mutant,  by  the  addition  of  pyrophosphorylethanola- 
mine.  This  group  appears  to  have  the  ability  to  block  receptor 
activity  as  this  mutant  was  resistant  to  pyocins  D,  F,  G,  H,  and 
I.  Mutant  R’(,P“  differs  from  the  Rdj^P”  by  the  addition  of  glucose 
to  the  second  heptose  and  containing  no  pyrophosphorylethanola- 
mlne.  This  mutant  RcP“  was  also  resistant  to  pyocins  D,  F,  G,  H, 
and  I,  indicating  that  the  heptose  receptor  region  was  not 
available.  Mutant  strain  RcP“  was  sensitive  to  Pyocins  A,  B, 

C,  E,  G,  K,  M,  N,  0,  P,  R,  S,  and  T  suggesting  all  of  these 
pyocins  have  receptors  related  to  the  terminal  glucose.  Once 
again,  the  addition  of  a  pyrophosphorylethanolamlne  group,  plus 
an  additional  phosphate,  and  heptose  to  the  second  molecule,  is 
found  in  mutant  RcP"^,  blocked  the  ability  of  pyocins  to  kill  the 
mutants.  The  Rb  mutant  is  identical  to  the  RcP'*',  plus  the 


addition  of  glucose-galactose  and  galactose  to  the  terminal  glu¬ 
cose  of  RcP"*",  thereby,  creating  a  terminal  glucose  at  some 
distance  from  the  changed  phosphate,  and  pyrophosphorylethanola- 
mlne  groups.  The  Rb  mutant  was  sensitive  to  the  same  pyoclns  as 
the  RqP”,  but  the  titres  of  pyocin  activity  were  considerably 
lower  for  Rb  as  compared  to  R^P".  The  Ra  mutant  differed  from 
the  Rb  strain  only  by  the  terminal  additional  of  N  acetylglucosa- 
mlne.  Interestingly,  this  mutant  is  sensitive  in  low  titres 
to  the  pyocin,  whose  receptor  area  appears  to  be  in  the  heptose 
region  (D,  F,  H,  I  &  J) ,  and  to  the  other  pyoclns  with  activity 
toward  the  glucose  region  or,  if  in  this  slightly  longer  core, 
the  molecule  had  opend  up,  somewhat. 

The  specificity  of  the  reactions  was  confirmed  by  absorbing 
with  LPS  prepared  by  the  Galanos  method  from  each  of  these 
mutants.  LPS  from  mutants  that  were  killed  by  a  particular 
pyocin  were  able  to  absorb  activity,  while  LPS  extracted  from 
mutants  that  were  not  killed  by  a  particular  pyocin,  could  not 
absorb  activity.  Thus,  pyocin  D's  activity  could  be  absorbed 
by  LPS  extracted  Rd^P"  and  Ru  but  not  by  LPS  from  Re,  Rd,  Pt  or 
any  other  mutant  LPS  strains.  Wlien  pyocin  activity  was  absorbed 
with  Salmonella  core  mutant  LPS,  it  lost  activity  against  (1) 
Salmonella  core  mutants  (2)  P^.  aeruginosa  and  (3)  Neisseria 
gonorrhoeae.  Likewise,  LPS  from  N.  gonorrhoeae  and  LPS  from 
aeruginosa  were  both  able  to  absorb  pyocin  activity  for  Salmonella 
core  mutants  as  well  as  £.  aeruginosa  and  N.  gonorrhoeae ,  in¬ 
dicating  that  each  of  these  organisms  contain  common  heptose- 
heptose,  and  glucose  receptor  regions  in  their  respective  LPS 
structures . 

9.  Croup  B  streptococci  represents  a  serious  cause  of  neonatal 
sepsis,  and  meningitis.  In  the  course  of  biochemical  investiga¬ 
tions  into  methods  of  isolating  gonococcal  polysaccharide  capsules, 
it  became  apparent  that  a  new  technique  for  the  isolation  of  Group 
B  streptococcus  type  III  polysaccharide  could  be  applied.  Anti¬ 
body  against  the  Group  B  type  III  polysaccharide  is  thought  to  be 
opsonic  and  protective  when  passively  transferred.  Current 
techniques  for  isolation  of  this  polsaccharlde  are  cumbersome, 
and  the  yellds  are  low  -  primarily  because  the  polysaccharide 
must  be  isolated  from  the  organism.  The  new  technique  makes  use 
of  the  fact  that  the  polysaccharide  sticks  to  ion-exchange  resins. 
The  organisms  are  grown  in  Todd-Hewltt  broth  or  in  a  media 
consisting  of  casein  hydrolysate  3.1  g;  proteose  peptone  //3  20.0 
g;  dextrose  4.0  g;  sodium  chloride  2.0  g;  dlsodlum  phosphate 
1.6  g;  sodium  carbonate  2.5  g  per  1000  ml  of  distilled  water. 
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The  culture  Is  centrifuged  and  the  organisms  discarded.  The  super¬ 
natant  is  then  diluted  with  four  volumes  of  distilled  water  to 
lower  the  ionic  strength.  Fifty  grams  of  prewashed  Whitman 
DEAE  cellulose  is  then  added  and  stirred  for  1  hour.  Then  it  is 
allowed  to  settle  and  the  supernatant  is  discarded.  The  resin 
is  collected  and  washed  on  a  Bucliner  funnel  with  O.OIM  Trls 
buffer  (pH  7.5),  and  then  eluted  with  O.IM  Tris  and  0.25M  Tris 
pH  7.5.  The  polysaccharide  elutes  at  0.25M.  The  wash  is  then 
ultraf lltered  with  O.OIM  Tris  in  an  Amicon  PM-10  membrane  and 
then  pumped  into  a  DEAE  CL-6B  sepharose  (Pharmacia)  column. 

Cultures  labeled  with  Na  Acetate  yielded  two  peaks  with 

immunoprecipitin  activity  against  Type  III  group  B  and  Type  14 
pneumococcus  both  being  found  in  the  second  peak.  This  pooled 
peak  is  then  placed  over  sepharose  4B  column  and  elutes  just 
following  the  void  volume  indicating  it  is  around  400,000 
daltons.  The  yields  are  in  the  range  of  5  mg  polysaccharide  per 
liter  of  culture  as  compared  to  the  published  yields  of  5  mg  per 
40  liters.  The  polysaccharide  is  currently  being  chemically 
analyzed.  Immunologlcally ,  it  reacts  with  antisera  made  against 
Group  B  type  III  Streptococcus  and  Pneumococcus  type  14.  Al¬ 
though  there  are  some  data  to  suggest  that  antibody  against  the 
cross  reactive  common  core  determinants  may  be  opsonic  and  pro¬ 
tective  in  rabbits  the  preponderance  of  evidence  at  the  current 
time  Indicates  that  antibody  against  the  distinctive  sialic  acid- 
containing  side  chain  is  of  primary  importance  in  the  epidemiolo¬ 
gy  and  immunology  of  human  infections.  Therefore,  the  unique 
streptococcal  Group  B  type  III  polysaccharide  will  probably  be 
the  vaccine  used  in  women  of  the  child  bearing  age. 

10.  Studies  on  patients  with  gram-negative  bacteremia  from 
WRGH  have  continued  with  the  objective  of  either  preventing 
these  infections  or  of  devising  improved  methods  of  treatment. 
Analysis  of  the  antibody  response  of  these  patients  is  nearly 
completed.  The  response  of  most  patients  is  predominantly  to 
the  smooth  side  chains  of  the  lipopolysaccharide  (LPS)  of  the 
Infecting  organism.  The  response  was  rapid  and  occurred  two  to 
five  days  after  bacteremia.  Little  or  no  response  was  observed 
to  the  rough  core  determinants.  All  patients  responded  with 
rises  in  opsonic  antibody  which  did  not  require  complement  for 
activity.  Absorption  of  serum  with  LPS  extracted  from  the 
infecting  organism  effectively  removed  the  opsonic  activity. 

On  the  other  hand,  absorption  with  LPS  obtained  from  rough 
mutants  (E.  col  1  .15  or  £.  minnesota  Re)  failed  to  affect 
opsonic  activity.  Antisera  to  the  .15  or  Re  strains  had  no 
opsonic  action  in  the  presence  of  monocytes  or  granulocytes. 
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However,  the  opsonic  potency  of  the  J5  antiserum  was  enhanced  by 
the  addition  of  fresh  human  serum.  The  factors  in  the  fresh 
human  serum  which  are  responsible  for  this  Increased  activity 
have  not  yet  been  identified. 

11.  Seventy  consecutive  strains  of  coll  Isolated  from  cases 
of  bacteremia  at  WRGH  were  studied  to  determine  whether  or  not 
they  were  rough  or  smooth  and  wehther  or  not  they  possessed  the 
K-1  antigen.  All  K-1  positive  strains  Irrespective  of  whether 
or  not  they  were  rough  or  smooth  were  serum  resistant.  Rough 
strains  are  considered  to  be  serum-sensitive,  but  obviously  the 
presence  of  the  K-1  antigen  protects  them.  Mutants  of  rough 
strains  which  lost  the  K  antigens  were  serum  sensitive. 

12.  It  was  previously  repotted  th.at  PHA-activated  human  mono¬ 
nuclear  cells  release  into  tlielr  supernatants  a  factor  that  can 
enhance  the  bactericidal  activity  of  granulocytes.  These  studies 
have  been  extended  to  show  that  supernatants  from  long-term 
cultured  lymphoid  cell  lines  also  cause  enhanced  bactericidal 
activity  in  PMN's.  The  enchanced  bactericidal  ability  is  seen 
when  Group  B  streptococcuo  type  III  is  the  target  organism,  as 
well  as  with  Serratia  marcescens .  The  enhancing  factor  is 
active  after  heating  to  56°C,  but  not  95“C,  and  can  be  diluted 

to  a  titer  of  1:64  and  still  retain  significant  activity.  The 
serum  factor  is  not  dlalyzable. 

13.  During  the  last  three  years  there  has  been  an  increasing 

incidence  of  resistance  among  gram-negative  bacteria  to  commonly 
used  antibiotics.  The  Incidence  of  transferable  antimicrobial 
resistance  was  determined  in  bacteria  which  were  collected  from 
the  Clinical  Microbiology  Laboratory  at  WRGH  between  1976  and 
1978.  Mating  experiments  were  done  with  150  strains  of  coll , 

Klebsiella  penumoniae  and  Pseudomonas  aeruginosa.  Over  70 
percent  of  amplcillin  resistance  was  transferable;  carbenlclllin, 
tetracycline  and  sulfa  resistance  were  transferred  in  order  of 
decreasing  frequency.  Multiple  plasmids  were  seen  in  the 
majority  of  strains.  Tetracycline  resistance  ususally  occurred 
on  a  single  plasmid.  Despite  the  Increasing  use  of  gentamicin, 
tobramycin  and  amikacin  in  WRGH  the  last  3  years,  transferable 
resistance  was  seen  Infrequently. 

14.  Purified  high  molecular  weight  group  B  polysaccharide  given 
alone  as  a  vaccine  has  not  been  immunogenic  in  human  beings. 
Because  natural  infections  with  group  B  meningococci  result  in 
only  very  small  increases  of  hemaggl ut inat Ing  or  primary  binding 


antibody  to  the  group  B  polysaccharide,  it  was  felt  that  B  poly¬ 
saccharide  would  not  be  a  suitable  vaccine  even  when  optimally 
presented.  This  conclusion  was  underscored  by  the  work  of 
Kasper,  et  al.,  at  WRAIR,  which  suggested  that  antibody  to  the 
B  polysaccharide  was  not  bactericidal  to  all  B  strains.  Conse¬ 
quently,  noncapsular  antigens,  in  particular,  the  serotype  pro¬ 
tein  antigens  were  investigated  as  possible  vaccine  candidates. 
Two  studies  were  conducted  at  WRAIR,  in  which  several  prepara¬ 
tions  containing  the  serotype  2  protein  antigen  (P2) ,  were  found 
to  be  Immunogenic  in  animals,  but  not  in  human  beings.  We  now 
know  that  the  poor  Imraunogeniclty  of  these  preparations  in  man 
resulted  from  inactivation  of  important  antigenic  determinants 
during  preparation  of  the  vaccines,  and  that  these  serotype 
antigens  In  their  native  conformation  are  immunogenic  to  man. 
Primary  binding  antibodies,  and  bacterial  antibodies  against  the 
serotype  proteins  have  been  demonstrated  in  human  sera  following 
natural  infections. 

Antibodies  to  the  type  P2  proteins,  however,  would  be 
expected  to  provide  protection  only  against  type  P2  strains. 

It  was  thus  encouraging  when  in  a  previous  vaccine  study  (lots 
1381-0  and  138I-M1),  evidence  was  obtained  that  a  vaccine 
containing  outer  membrane  protein  prepared  from  a  group  C,  type 
P2  strain,  could  induce  Increases  in  bactericidal  antibodies 
against  the  group  B  polysaccharide.  It  was  subsequently  found 
that  90  percent  of  adult  normal  human  sera  had  bactericidal 
antibodies  against  the  group  B  polysaccharide  (4)  and  that 
contrary  to  the  findings  of  Kasper,  et  al.  (J.  Inf.  Dls.  127 ; 
387,  1973),  these  antibodies  were  bactericidal  for  all  group  B 
strains  tested.  The  difference  between  our  results  and  those 
of  Kasper,  et  al.,  is  probably  due  to  the  fact  that  the  anti¬ 
group  B  polysaccharide  antibodies  are  now  known  to  be  nearly 
all  of  the  IgM  class,  to  lose  activity  as  a  result  of  repeated 
freezing  and  thawing  or  exposure  of  diluted  serum  to  warm 
temperatures,  to  be  directed  against  a  labile  determinant 
associated  only  with  high  molecular  weight  polysaccharides,  and 
to  exhibit  variations  in  bactericidal  activity  with  different 
lots  of  complement.  These  properties  were  not  known  or 
controlled  for  at  the  time  Kasper  did  his  work.  These  findings 
led  to  preparation,  and  testing  of  a  new  vaccine  which  consists 
of  high  molecular  weight  group  B  polysaccharide  non-covalently 
coraplexed  to  antlgenlcally  active  type  P2  outer  membrane 
protein . 


Phase  I  testing  In  human  subjects 


A  total  of  eight  volunteers  were  pre-selected  from  a  group 
of  22,  for  lack  of  colonization  with  meningococci,  and  for 
having  low  antibody  titers,  and  vaccinated  with  one  of  two  very 
similar  vaccine  preparations:  BP2-WZ-2  and  BP2-PA-3.  These 
volunteers  were  given  two  120  yg  (dry  weight)  doses,  five  weeks 
apart.  The  vaccine  was  given  subcutaneously  in  the  deltoid 
region,  and  was  preceded  by  a  1  yg  Intradermal  skin  test  given 
in  the  volar  region  of  the  forearm  20-30  minutes  prior  to  the 
vaccinations.  Throat  cultures,  serum  samples,  and  stool  samples 
were  obtained  at  0,  2,  5,  7  and  10  weeks.  Side  effects  of  the 
vaccines  consisted  principally  of  mild  local  reactions  at  the 
sites  of  the  skin  tests  and  vaccinal  Ions  in  all  volunteers.  The 
reactions  first  appeared  at  2-4  hours,  were  maximum  at  24  hours 
and  had  disappeared  at  72  hours.  These  reactions  consisted  of 
erythema  and  induration  (4-12  cm  diameter  at  the  vaccination 
site  and  1-5  cm  diameter  at  the  skin  test  site)  accompanied  in 
most  cases  by  slight  local  tenderness.  Overall,  lot  BP2-WZ-2 
produced  somewhat  smaller  local  reactions  than  BP2-PA-3,  and 
reactions  to  the  second  dose  of  both  vaccines  were  milder  than 
those  to  the  first  dose.  The  local  reactions  were  generally 
stronger  tlian  those  usually  seen  with  the  meningococcal  group  A 
and  group  C  polysaccharide  vaccines.  No  correlation  between 
reactogenicl ty  and  pre-existing  antibody  level  to  either 
component  was  observed.  Volunteers  were  questioned  after  24 
hours  reagrding  systemic  effects  of  the  vaccines.  One  volunteer 
who  received  lot  BP2-PA-3,  indicated  that  he  had  felt  slightly 
warm,  although  an  oral  temperature  was  not  obtained.  He,  along 
with  one  of  the  individuals  who  received  lot  BP2-WZ-2,  reported 
some  local  tenderness  in  the  arm  that  received  the  vaccine. 

Throat  cultures  of  all  volunteers  were  initially  negative  for 
meningitidis  and  remained  negative  throughout  the  study.  The 
stool  cultures  of  two  volunteers  (6  and  7),  however,  were  con¬ 
sistently  positive  for  ji.  coll  K1 ,  which  has  a  capsular  poly¬ 
saccharide  antigenically  identical  to  the  group  B  polysaccharide. 
The  results  of  serologic  assays  on  pre  and  post-vaccination  sera 
were  very  encouraging.  The  titers  of  bactericidal  antibodies 
to  the  vaccine  strain  99M  (also  called  Bll)  rose  an  average  of 
32-fold  in  the  volunteers  that  received  lot  BP2-WZ-2,  and  an 
average  of  8-fold  in  those  that  received  BP2-PA-3  (table  9). 
Similar  rises  were  obtained  when  the  sera  were  tested  against 
three  other  group  B  strains  with  different  serotype  antigens. 

This  indicated  tliat  much  of  the  bactericidal  antibody  was 
probably  directed  against  the  group  B  polysaccharide.  Removal 
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of  the  bactericidal  activity  against  non-type  P2  group  B  strains 
by  absorption  with  purified  coll  K1  capsular  polysaccharide, 
confirmed  this  conclusion.  One  volunteer  In  each  group  (3  and 
8)  had  little  or  no  rise  In  bactericidal  antibodies  to  the  B 
polysaccharide,  but  these  were  the  two  with  the  highest  pre¬ 
existing  antibody  titers.  The  specific  determinant  on  the  group 
B  polysaccharide  against  which  these  human  bactericidal  anti¬ 
bodies  were  directed.  Is  of  some  Interest.  Since  only  high 
molecular  weight  B  polysaccharide  can  Inhibit  these  antibodies, 
the  active  determinant  is  clearly  not  the  main  backbone  structure 
of  the  polysaccharide.  This  Is  not  surprising,  since  the  sialic 
acid  units  of  the  main  chain  have  the  same  linkage  as  on  the 
GdIB  iind  gangliosides .  Using  a  sensitive  complement  mediated 

liposome  lysis  assay,  a  numlier  of  iiuinan  sera  were  screened 
specifically  for  antibodies  to  the  (>]']^  ganglloslde.  These  sera 
Included  3  convalescent  sera  from  group  B  cases,  several  normal 
sera,  and  the  two  highest  responders  to  the  group  B  vaccine.  No 
antibody  was  detected.  The  precise  nature  of  the  active  de¬ 
terminant  on  high  molecular  weiglit  group  B  polysaccharide  Is 
still  under  Investigation. 

In  addition,  to  the  group  specific  bactericidal  antibodies, 
increases  in  type-specific  bactericidal  antibodies  were  also 
detected  following  appropriate  absorptions  to  remtive  antibodies 
to  the  capsular  polysaccharide  (table  9).  After  absorption  with 
a  group  B,  type  P14  strain  M981 ,  7  of  8  volunteers  liad  type 
specific  bactericidal  activity  against  the  vaccine  strain  in 
their  two  week  sera,  but  not  in  their  pre-vacclnatlon  sera. 
Similarly,  after  absorption  with  the  type  P4  group  C  strain  118V, 
the  sera  from  6  of  the  8  volunteers  had  type  specific  bactericidal 
antibodies  against  the  group  C,  type  P2  strain  1381.  These  anti¬ 
bodies  were  not  removed  by  absorption  with  purified  99M  LPS, 
Indicating  that  the  antibodies  were  most  likely  directed  against 
the  serotype  proteins.  Perhaps,  most  significant,  is  the  fact 
that  the  two  individuals  with  little  or  no  pre-existing  bacteri¬ 
cidal  antlbodle.s,  both  developed  significant  rises  In  group  B, 
specific,  as  well  as  type  2,  specific  bactericidal  antibodies. 

As  a  second  measure  of  the  antibody  response  to  the  protein 
component  of  the  vaccine,  the  sera  were  assayed  by  a  solid  phase 
radioimmunoassay  (SPRIA) ,  for  antibody  to  the  vaccine  strain 
(99M) ,  outer  membrane  complex  (table  10).  Since  the  complex 
contains  both  protein  and  LPS,  the  sera  were  also  tested  for 
antibodies  to  the  purified  LPS  as  a  control.  Since  the  concen¬ 
tration  of  antl-LPS  antibodies  was  only  3-5  percent  of  the 


concentration  of  antibodies  that  bind  to  the  whole  complex,  over 
90  percent  of  the  antibodies  that  bound  to  the  complex  were 
specific  for  the  protein  antigens.  All  eight  volunteers  had  a 
significant  Increase  in  antibodies  to  the  proteins.  These 
Increases  ranged  from  2-fold  to  30-fold  with  a  mean  Increase  of 
about  10-fold.  There  was  no  significant  difference  in  the  mean 
response  to  the  two  vaccine  lots.  By  means  of  quantitative 
inhibition  with  homologous  and  heterologou.s  OMC,  it  was  deter¬ 
mined  that  a  mean  of  63  percent  of  the  antiprotein  antibody 
Induced  by  lot  BP2-WZ-2,  and  47  percent  of  that  induced  by  lot 
BP2-PA-3,  was  specific  for  the  type  P2  antigen. 

The  second  dose  of  vaccine,  given  at  five  weeks,  resulted  in 
little  or  no  increase  in  the  antibody  titers  (tables  10  and  11). 
This  is  quite  different  from  tlie  response  of  rabbits  to  the 
vaccines.  Rabbits  responded  weakly  to  die  first  dose,  and  very 
strongly  to  the  second  dose.  Most  ol  the  antibody  titers  in 
sera,  obtained  at  five  and  ten  weeks,  had  dropped  off  signifi¬ 
cantly,  relative  to  the  two  week  and  seven  week  sera,  respective¬ 
ly,  but  remained  well  above  the  pre-vaccination  level.  This  is 
likely  a  reflection  of  the  fact  that  the  bactericidal  antibodies 
against  the  B  polysaccharide  were  found  to  be  nearly  all  of  the 
IgM  class.  Tlie  good  response  obtained  with  the  first  dose  and 
the  low  response  produced  by  the  second  dose,  suggests  that 
only  a  single  dose  need  be  given  in  the  future. 

The  above  data  clearly  demonstrate  the  feasibility  of  induc¬ 
ing  IgM  bactericidal  antibodies  to  the  group  B  polysaccharide 
by  vaccination,  and  that  this  bactericidal  activity  is  effective 
against  all  group  B  strains,  regardless  of  serotype.  It  is  also 
significant  to  note  that  these  antiliodies  may  afford  protection 
against  Infections  with  E.  colt  K1  strains,  as  well.  Although 
the  number  of  volunteers  is  small,  it  appears  that  lot  BP2-WZ-2, 
gave  a  better  antibody  response  to  the  group  B  polysaccharide 
while  producing  somewhat  milder  local  reactions.  Tlie  two  lots 
produced  about  equal  amounts  of  anti-protein  antibody  as  measured 
in  the  SPRIA,  but  lot  BP2-PA-3,  appeared  to  induce  a  little  more 
type-specific  bactericidal  antibody.  Since  the  method  used  to 
prepare  lot  BP2-WZ-2,  allows  more  control  over  the  proportion  and 
composition  of  the  protein  component  of  the  vaccine,  and  results 
in  a  product  with  lower  pyrogenicity ,  it  has  been  chosen  for 
further  testing  in  larger  numbers  of  volunteers. 

15.  It  is  important  to  understand  the  nature  and  characteristics 
of  the  antigenic  determinants  on  the  outer  membrane  proteins  if 
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they  are  to  be  used  as  a  vaccine  or  an  important  component  of  a 
vaccine  against  group  B  meningococcal  disease.  In  a  survey  of 
normal  sera,  and  convalescent  phase  sera  from  patients  with  type 
2  group  B,  and  group  C  disseminated  meningococcal  disease, 
bactericidal  antibodies  directed  against  the  serotype  proteins, 
were  only  rarely  found  in  normal  sera  but  were  present  in  about 
two  thirds  of  convalescent  phase  sera.  These  results  indicated 
that  the  outer  membrane  protein  antigens  are  capable  of  inducing 
a  bactericidal  antibody  response  in  man,  at  least  under  the 
conditions  of  a  natural  infection.  In  two  previous  studies, 
type  2  outer  membrane  proteins  that  were  Isolated  by  several 
different  procedures,  were  found  to  be  poorly  immunogenic  in  man 
although  they  had  good  Immunogenlclty  in  rabbit  and  mice.  Since 
these  two  protein  vaccines  liad  been  exposed  to  extremes  of  pH 
and/or  detergents  during  tlieir  preparation,  it  seemed  likely 
that  their  lack  of  immunogenlclty  was  due  to  alteration  or 
degradation  of  important  antigenic  determinants.  This  conclusion 
was  supported  by  the  observation  that  the  vaccines  could  not  in¬ 
hibit  the  anti-protein  bactericidal  antibodies  in  human  sera 
whereas  the  intact  homologcms  outer  membrane  complex  could. 

Accordingly,  studies  were  initiated  to  examine  the  nature, 
specificity  and  stability  of  the  protein  antigens  against  which 
human  bactericidal  antibodies  are  directed.  These  studies  as 
well  as  vaccine  studies  have  utilized  protein  serotype  2  strains 
since  this  serotype  has  been  associated  with  most  recent  group  B 
and  C  epidemics.  The  capacity  to  inhibit  human  antibodies 
specific  for  the  serotype  2  outer  membrane  proteins  in  bacteri¬ 
cidal  assays,  and  in  solid  phase  radioimmunoassays  was  used  to 
follow  the  antigenic  activity  of  the  outer  membrane  proteins  at 
various  steps  in  their  separation  from  the  membrane. 

The  results  fell  into  several  cr*-egorles  depending  on  which 
antiserum  was  used  in  the  test  systems.  With  the  first  category 
of  sera  (human  sera  containing  naturally  acquired  antibodies) 
equilibrium  of  type  2  outer  membrane  complex  with  3  percent 
sodium  deoxycholate  (DOC),  O.OIM  EDTA,  and  0.05M  glycine  at  pH 
8.8,  followed  by  ethanol  precipitation  and  washing,  resulted 
in  only  a  moderate  decrease  in  the  antigenic  activity  of  the 
proteins . 

Gel  filtration  of  the  IX)C-dlssociated  complex  on  Sephadex 
G-lOO  in  the  presence  of  1  percent  DOC,  pH  8.8  separated  the 
complex  into  a  protein  fraction  and  a  lipid-LPS  fraction.  The 
protein  fraction  alone  was  about  100-fold  less  active  than  the 
intact  OMC. 
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Considerable  activity,  however,  was  recovered  by  recombining 
it  with  the  lipid-LPS  fraction  prior  to,  but  not  after  removal  of 
the  DOC  by  alcohol  precipitation.  The  lipid-LPS  fraction  from  a 
heterologous  OMC  was  equally  effective  in  reconstituting  the 
antigenic  activity  of  the  proteins.  These  results  suggest  that 
naturally  acquired  human  bactericidal  antibodies  specific  for 
the  outer  membrane  proteins  are  often  directed  against  deter¬ 
minants  which  are  dependent  upon  association  of  the  protein 
with  other  components  of  the  membrane  (LPS)  for  full  expression 
of  their  antigenic  activity.  The  protein  determinant  against 
which  these  antibodies  were  directed  was  shown  to  be  different 
than  the  type  2  determinant  in  that  it  was  associated  with  a 
protein  of  lower  molecular  weight  (132,000  daltons)  and  was 
not  present  on  all  type  2  strains. 

With  the  second  category  of  sera  (human  convalescent  phase 
sera)  equilibration  of  the  OMC  with  3  percent  deoxycholate 
followed  by  ethanol  precipitation  and  washing  resulted  in 
essentially  complete  loss  of  antigenic  activity.  Even  ethanol 
precipitation  alone  resulted  in  a  marked  loss  of  activity.  These 
antibodies,  therefore,  appeared  to  be  directed  against  protein 
determinants  which  were  very  labile. 

Sera  from  volunteers  who  received  the  experimental  protein- 
polysaccharide  group  B  vaccine  lot  BF2-WZ-2,  and  sera  from 
rabbits  immunized  with  viable  type  2  meningococci  constituted 
the  third  category.  With  these  sera,  which  liad  clear  type  2 
specificity,  separation  of  the  proteins  from  the  membrane  by 
chromatography  in  the  presence  of  sodium  deoxycholate  did  not 
result  in  significant  loss  of  antigenic  activity.  These  anti¬ 
bodies  were  thus  directed  against  a  more  stable  determinant 
than  the  antibodies  in  categories  1  and  2.  An  earlier  experi¬ 
mental  type  2  protein  vaccine  wtilch  had  been  exposed  to  pH 
extremes,  during  its  preparation  and  which  lacked  Immunogenicity 
in  humans  failed  to  inhibit  these  category  3  antisera.  The 
current  vaccine  lots  (BP2-WZ-2  and  BP2-PA-3) ,  on  the  other  hand, 
were  fully  active  in  the  category  3  test  systems. 

A  fourth  category  of  sera  were  from  rabbits  immunized  with 
vaccine  lot  BP2-WZ-2.  The  antibodies  in  these  sera,  though  type 
2  specific,  were  directed  against  very  stable  determinants  which 
were  not  inactivated  by  exposure  to  botli  detergent  and  extremes 
of  pH.  Determinants  reacting  with  tliese  antibodies  appear  to 
lack  immunogenicity  in  man. 

In  summary,  human  anti-OM  protein  l)acter icidal  antibodies 
Induced  by  natural  infections  with  type  P2  meningococci  are 


A12 


often  directed  against  relatively  labile  determinants  which  do 
not  appear  to  be  located  on  the  type  2  principal  outer  membrane 
protein  and  are  Inactivated  to  a  variable  extent  by  disruption 
of  the  normal  associations  of  the  proteins  in  the  membrane. 
Although  bactericidal  antibodies  with  clear  type  P2  specificity 
were  not  Identified  in  several  human  sera  obtained  following 
natural  Infections  with  type  P2  strains,  bactericidal  antibodies 
with  P2  specificity  were  demonstrated  in  human  sera  following 
vaccination  with  DOC-fractionated  type  P2  outer  membrane  proteins 
complexed  to  group  B  capsular  polysaccharide.  These  antibodies 
were  directed  against  a  relatively  stable  determinant  that  was 
not  dependent  on  binding  to  LPS  for  activity. 

16.  Studies  of  human  immunoglobulin  A  (Iga)  and  immunity  to 
bacterial  diseases  have  largely  been  restricted  to  its  role 
on  secretory  surfaces  (si  cretory  IgA),  where  its  dimeric  form, 
coupled  with  secretory  component  and  the  conjoining  J  chain, 
facilitate  its  separation  and  identification.  Understanding  of 
its  Importance  within  the  circulation  (serum  IgA) ,  where 
it  occurs  primarily  as  a  monomer,  has  been  hindered  by  the 
technical  difficulty  of  completely  separating  serum  IgA  from 
physlcochemlcally  similar  IgG.  The  development  of  immuno- 
adsorbent  techniques  to  remove  contaminating  IgG  and  IgM  has 
solved  the  problems  of  final  purity,  and  we  have  recently 
reported  that  Immune  serum  IgA,  which  does  not  activate  complement, 
not  only  blocks  the  complement-mediated  bacteriolytic  activity 
of  IgG  and  IgM  against  Neisseria  meningitidis ,  but  also  may 
play  a  crucial  role  in  the  development  of  susceptibility  to 
Invasion  by  these  organisms. 

Extension  of  these  data  will  require  large-scale 
epidemiological  studies  of  the  prevalence  and  antigenic 
specificity  of  serum  IgA.  Purification  of  serum  IgA  for  the 
initial  studies,  however,  required  three  separate  chromato¬ 
graphic  steps  which  were  cumbersome,  time-consuming,  poorly 
suited  to  small  starting  volumes  of  sera  and  which  resulted 
in  small  yields  of  the  purified  final  product.  Therefore,  we 
have  developed  a  continuous,  in-line  chromatographic  process 
involving  sequential  application  of  molecular  sieve,  ion-exchange 
Immunoadsorbent-af f Inity  and  de-salting  concentrating  methods. 

The  chromatographic  process  yields  45-55  percent  (  by  weight) 
of  the  IgM,  IgG  and  IgA  from  1-3  ml  of  serum  in  36  hr,  each  free 
of  contamination  by  Immunoglobulins  of  the  other  classes,  and 
without  loss  or  alteration  of  biological  activity.  The 
theoretical  basis  and  technical  details  of  the  procedure  were 
reported.  (J.  Chromatogr.  156:121,  1978). 
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Since  mid-1975,  an  outbreak  of  disease  due  to  group  A 
meningitidis  has  been  recognized  in  the  Pacific  Northwest. 
Initially,  involving  persons  in  Portland,  Oregon,  and  Seattle, 
Washington,  the  outbreak  subsequently  spread  north  along  the 
Pacific  Coast  to  Involve  residents  of  Alaska.  The  availability 
of  group  A  meningococcal  vaccine,  and  the  sensitivity  of  the 
causative  organisms  to  sulfonamides,  provided  public  health 
officials  with  options  for  control  measures,  but  no  clear 
guidelines  for  choosing  among  them. 

Experience  with  group  A  meningococcal  disease  in  this 
country  has  been  quite  limited  since  a  major  epidemic  in  1945. 
Based  on  reports  to  the  Center  for  Disease  Control  (CDC) ,  over 
the  previous  ten  years,  group  A  had  accounted  for  approximately 
one  percent  or  less  of  isolates  from  patients  with  meningococcal 
disease.  However,  group  A  N.  meninglt idis  continues  to  be  a 
major  public  health  problem  in  the  "meningococcal  belt"  of 
Africa,  and  recently  was  responsible  for  major,  widespread 
outbreaks  in  Brazil  and  Finland.  These  latter  epidemics, 
coupled  with  the  absence  of  significant  disease  in  this  country 
over  the  past  30  years,  led  to  concern  that  the  outbreaks  in  the 
Pacific  Northwest  presaged  widespread  disease  throughout  this 
country  which  would  necessitate  an  extensive  and  expensive  vac¬ 
cination  program. 

On  the  other  hand,  beginning  in  1970,  an  outbreak  of  group 
A  meningococcal  disease  was  documented  in  Winnipeg,  Manitoba. 
Sixty-six  patients,  primarily  American  Indians,  developed 
disease.  The  outbreak  subsided  without  significant  spread  to 
non-Indian  populations,  and  no  group  A  meningococcal  disease 
has  been  recognized  there  since  late  1973.  In  Portland  and 
Seattle,  most  of  the  Initial  cases  occurred  in  adults  who 
abused  alcohol  and/or  frequented  or  lived  in  the  Skid  Road 
sections  of  those  cities.  In  their  restriction  to  a  demo- 
graphical  ly  definable  sub-population,  these  outbreaks  resembled 
previous  ones  in  this  country  caused  by  serogroups  B,  C,  and  Y, 
and  suggested  that  a  far  more  modest  vaccination  and/or  chemo- 
prophylactlc  program,  concentrated  on  the  at-risk  focus,  would 
suffice.  Consequently,  a  multi-center  group  was  formed  to  study 
several  related  aspects  of  these  outbreaks  and  to  monitor  the 
effectiveness  of  control  measures. 

Because  of  the  similarity  of  this  outbreak  to  previous  focal 
outbreaks  among  military  recruits  at  Basic  Training  Centers,  and 
the  expertise  acquired  during  a  decade  of  studying  meningococcal 
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disease,  personnel  of  this  department  were  asked  to  coordinate 
this  collaborative  effort. 

The  results  of  the  studies  completed  during  FT  78  have  been 
separated  into  four  data  blocks.  The  first  includes  a  presenta¬ 
tion  of  the  cases  of  group  A  meningococcal  disease  in  the  Pacific 
Northwest,  and  a  summary  of  clinical  aspects  of  patients  hospi¬ 
talized  in  Seattle,  and  places  the  outbreak  in  Seattle  within  the 
demographic  setting  of  Seattle's  Skid  Road  community  with  parti¬ 
cular  reference  to  the  impact  of  this  demography  on  the  outcome 
of  the  vaccine  control  program.  Results  of  an  attempt  to  estab¬ 
lish  a  relationship  between  this  outbreak  and  that  in  Manitoba 
are  also  Included.  Subsequent  blocks  consider  (a)  epidemiologic 
and  bacterlologlc  studies  of  at-risk  populations  in  Seattle  and 
Portland  to  Identify  factors  which  might  be  helpful  in  predicting 
or  controlling  outbreaks;  (h)  results  of  ] ipopolysaccharide  (LPS) 
serotyplng  of  causative  si  rains  to  determine  if  LPS  antigens  were 
associated  with  virulence-;  and,  (e)  studies  of  the  prevalence  of 
antibody  to  the  group  A  capsular  polysaccharide  in  at-risk  and 
control  populations,  to  assess  the  role  of  "herd  immunity"  in 
the  epidemiology  of  the  outbreaks.  These  four  sets  of  data  are 
summarized  below. 

a.  Demography  of  tin.  at-risk  population  and  its  effect  on 
a  vaccination  control  ptrjgrarn. 

In  mld-1975  an  outbreak  of  group  A  meningococcal  dis¬ 
ease  began  among  Skid  Road  alcoholics  in  Seattle,  Washington, 
spread  along  the  Pacific  Coast  to  Portland,  Oregon,  and  Anchorage, 
Alaska,  and  then  sporadically  inland.  A  total  of  A5  cases  of 
disease  was  documented.  The  Skid  Road  communities  are  composed 
of  multiple,  diverse  populations,  whose  mobility,  and  social 
habits  facilitate  disease  transmission  and  spread,  and  hinder 
control  efforts.  An  important  sub-population,  American  Indians, 
Interchanges  freely  along  traditional  migration  routes  which 
connect  with  Manitoba,  Canada,  where  the  last  North  American 
outbreak  of  group  A  disease  occurred  among  American  Indians 
early  in  this  decade.  Vaccination’  campaigns  were  undertaken  in 
four  cities,  beginning  first  in  Seattle,  where  80  percent  of  the 
target  population  was  vaccinated.  Twenty-five  of  45  regional 
cases  occurred  after  tlie  start  of  vaccination  in  Seattle.  Effect¬ 
iveness  of  vaccination  efforts  appeared  limited  by  difficulty  in 
defining  and  reaching  the  at-risk  i)opulation,  and  premature 
termination  of  vaccination  efforts.  Whether  the  lack  of  a 
regional  approach  or  failure  to  use  adjunctive  chemoprophy¬ 
laxis  were  contributing  factors,  is  not  known. 


b.  Outbreaks  in  Skid  Road  residents,  and  relationships 
between  risk  of  disease  and  bacterial  flow  of  residents. 


In  June  1975,  and  January  1976,  outbreaks  of  group  A 
meningococcal  disease  began  in  Skid  Road  communities  of  Seattle, 
Washington,  and  Portland,  Oregon.  By  mid-July  1976,  attack 
rates  were  162/100,000/year  in  Seattle  and  89/10,000/6  months 
in  Portland.  In  Seattle,  cases  were  limited  to  one  neighborhood 
whose  residents  were  younger,  more  mobile,  and  more  likely  to  be 
North  American  Indican  than  other  Skid  Road  inhabitants.  A 
greater  proportion  of  ill  persons  than  Skid  Road  controls  were 
heavy  consumers  of  alcohol  (p=0.006).  Nasopharyngeal  carriage 
of  group  A  N.  meningitidis  was  restricted  to  Skid  Road  habitues. 
Fewer  Skid  Road  residents  than  non  Skid  Road  residents  carried 
other  nasopharyngeal  bacteria  which  interfere  with  the  growth 
of  group  A  meningococci  (p<0.05).  Strains  of  Bacillus  pumills 
and  Streptococcus  faecalls ,  which  cross-react  with  group  A,  N. 
meningitidis  were  recovered  from  stool  cultures.  Colonization 
with  cross-reacting  organisms  was  more  common  among  contacts  of 
cases  than  Skid  Road  controls  or  non  Skid  Road  controls  (p  0.05)  . 

c.  Differentiation  of  the  causative  organism  by  LPS 
serotyping,  and  its  relationship  to  other  epidemic  strains. 

Forty  strains  of  group  A,  Neisseria  meningitidis , 
isolated  from  cases  and  carriers  during  a  focal  outbreak  in  the 
Pacific  Northwest,  were  serotyped  on  the  basis  of  antigenic 
differences  in  their  lipopolysaccharides ,  and  compared  with 
strains  from  three  recent  worldwide  epidemics.  Twenty-one  of 
23  cases,  and  13/17  carrier  strains  from  the  Pacific  Northwest, 
were  positive  for  serotype  LIO.  Expression  of  type  LIO  alone, 
was  associated  with  disseminated  disease;  expression  of  both 
LIO  and  Lll  with  nasopharyngeal  carriage  (p  0.00006).  Type  LIO 
strains  also  appeared  responsible  for  a  widespread  epidemic  in 
Brazil  (6  of  6  strains),  and,  in  part,  for  a  focal  epidemic  in 
Manitoba  (3/5),  but  was  not  found  among  5  strains  from  an 
epidemic  in  Finland  (four  Lll;  one  non-typable) . 

d.  Increased  prevalence  of  group-specific  antibody  in  the 
at-risk  population. 

To  assess  the  role  of  group  A  capsular  polysaccharide 
antibody,  in  determining  the  extent  of  an  outbreak  of  group  A 
meningococcal  disease  in  the  Pacific  Northwest,  and  its 
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relationship  to  the  development  of  "risk",  313  sera  from  defined 
populations  in  Seattle,  Washington,  and  148  sera  from  military 
recruits,  were  assayed  for  antibody  to  the  group  A  and  C  capsular 
polysaccharides.  The  population  at  risk.  Skid  Road  residents 
and  habitue's,  had  a  significantly  higher  prevalence  of  antibody 
to  the  group  A  polysaccharide  than  recruits  (p  0.000001)  or  non 
Skid  Road,  non-alcoholic  American  Indians  (p  0.0003).  The  increase 
in  antibody  prevalence  was  greater  for  group  A  than  group  C,  and 
antedated  the  onset  of  disease.  It  appeared  related  to  intimacy 
of  contact  with  Skid  Road  environment  but  not  ethnicity  nor 
alcoholism,  alone. 

These  data  illustrate  the  complex  nature  of  "risk"  of 
epidemic  meningococcal  disease,  and  its  Importance  in  the  de¬ 
velopment  of  optimal  control  programs.  Further  studies  of  the 
prevalence  of  bactericidal,  ig  class-specific,  and  LPS  antibody 
in  populations  in  the  Pacitii  Nortfiwcst  may  better  define  its 
immunological  basis. 

18.  Previous  studies  of  disseminated  meningococcal  disease 
conducted  by  this  Department,  have  concentrated  on  epidemic 
disease  in  military  recruits.  Relatively  little  comparable 
information  is  available  for  endemic  disease  or  for  disease  in 
civilian  populations,  where  susceptibility  is  concentrated  in 
pediatric  age  groups.  During  FV'  V8,  two  studies  in  civilian 
pediatric  populations  were  undertaken  in  collaboration  with 
Baylor  University.  The  results  are  summarized  below. 

a)  The  epidemic  potential  of  strains  of  N.  meningitidis 
has  been  shown  to  be  a  function  more  of  serotype  than  serogroup 
with  type  II  strains  accounting  for  most  epidemic  disease  caused 
by  groups  B,  C,  and  Y  during  the  last  decade.  This  had  led  to 
efforts  to  develop  a  type  11  protein  vaccine.  Endemic  strains 
have  been  less  extensively  studied,  and  the  current  mix  of  sero¬ 
types  causing  endemic  disease  is  unknown.  Therefore,  we  analyzed 
the  serotypes  of  three  sets  of  endemic  disease  isolated:  1)  34 
consecutive  isolates  from  pediatric  patients  at  hospitals 
affiliated  with  Baylor  College  of  Medicine  during  a  single  12 
month  period  (3/77-2/78);  11  Isolates  from  military  recruits  at 
BTC  in  the  Southwest  from  1970  to  1976,  a  non-epidemic  period  at 
those  posts,  and  3)  27  isolates  from  patients  seen  at  Military 
Treatment  Facilities  (MTF)  in  CONUS,  both  military  and  civilian, 
from  February,  1977  through  March,  1978.  Serotypes  were 
determined  utilizing  the  modified  Gold  system  (2).  Forty  of 
the  72  strains  were  serogroup  B,  14  were  group  C,  11  group  Y, 
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5  group  W135,  and  one  each  groups  X  and  29E.  Among  pediatric 
strains,  10  serotypes  were  represented,  with  an  additional  7 
strains  being  non-typable.  Seven  (20.6  percent)  were  type  II. 

For  recruits  in  the  Southwest,  5  types  were  represented,  with  1 
non-typable  strain;  4  (36.4  percent)  were  type  II.  Among  con¬ 
temporary  MTF  strains,  5  types  were  also  represented  with  3  non- 
typable  strains;  12  (44.4  percent)  of  these  strains  were  type  II. 

These  data  confirm  differences  in  serotype  distribution 
between  epidemic,  and  endemic  strains,  and  support  the  concept 
that  epidemic  potential  is  primarily  a  function  of  serotype, 
rather  than  serogroup,  since  epidemic  strains  are  invariably  of 
a  single  serotype,  regardless  of  serogroup.  They  also  raise  a 
question  as  to  the  potential  usefulness  of  a  monovalent  serotype 
II  vaccine  in  preventing  current  endemic  disease  among  military 
and  civilian  populations. 

b.  The  development  of  the  currently  available  meningo¬ 
coccal  vaccines  at  Walter  Reed  was  based  on  studied  of  the 
Immune  response  of  military  recruits  prior  to,  and  following 
disseminated  meningococcal  disease,  and  they  have  proved 
effective  in  preventing  disease  in  this  age  group.  The  vast 
majority  of  cases  of  meningococcal  disease,  both  endemic,  and 
epidemic,  however,  occur  in  infants  and  young  children,  and  the 
capsular  polysaccharide  vaccines  are  of  diminished  or  absent 
immunogenicity  in  infants  under  2  years  of  age,  which  is  the 
primary  at-risk  group.  Experience  in  the  development  of  these 
vaccines  indicated  to  us  that  preparation  of  a  potential  immunogen 
for  Infants  should  be  based  upon  studies  of  their  Immune  response 
during  disease,  and  that  a  minimum  requirement  for  such  a  po¬ 
tential  immunogen  should  be  its  ability  to  induce  a  reasonable, 
brisk,  immunologic  response  during  Infection  -  preferably  in 
bactericidal  antibody  -  which  is  the  functional  correlate  of 
immunologic  protection. 

Consequently,  we  studied  acute,  and  convalescent  sera 
obtained  at  the  time  of  hospitalization,  and  2  to  4  weeks, 
thereafter,  from  30  consecutive  patients,  aged  5  weeks  to  16 
years,  admitted  to  pediatric  services  of  Baylor  University  in 
Houston,  Texas,  from  February,  1977  through  February,  1978,  to 
determine  whether,  at  what  age,  and  to  which  antigens  of  the 
meningococcus  they  responded  Immunologically  during  disseminated 
disease . 

The  causative  organisms  were  of  three  separate  serogroups , 
with  group  B  predominant,  and  11  (eleven)  separate  serotypes. 


without  predominant  of  a  single  serotype.  An  additional  seven 
strains  were  not  typable  using  our  current  battery  of  sera. 

Antibody  to  each  capsular  polysaccharide  was  quantitated  in  a 
radioactive  binding  assay,  and  is  expressed  as  ngm  of  antigen 
bound  by  50  mcl  of  undiluted  serum.  In  addition,  antibody  to 
the  group  B  capsular  polysaccharide  was  separately  quantified  by 

indirect  hemagglutination  of  erythrocytes  sensitized  with  group  i 

B  capsular  polysaccharide.  Bactericidal  antibody  was  measured  in 
a  radioactive  bactericidal  assay  using  a  single  lot  of  weanling 

rabbit  serum  as  an  exogenous  source  of  complement.  Each  set  of  | 

paired  sera  was  pre-treated  with  penicillinase  for  30  minutes  at 

room  temperature  and  tested,  in  parallel,  against  their  homologous  i 

infecting  strains.  Results  are  expressed  as  the  titre  of  each 

serum  capable  of  killing  50  percent  of  10^  organisms.  ^ 


Antibody  response  to  the  group  C  capsular  polysaccharide 
appeared  age  related,  with  children  over  2  years  of  age  respond¬ 
ing  briskly  with  a  geometric  mean  increase  of  100  ngm  in  antigen 
binding  capacity;  while  one  infant,  aged  4  months  responded  only 
marginally,  at  best.  These  findings  are  consistent  with  the  non- 
immunogenlclty  of  the  group  C  polysaccharide  vaccine  in  children 
under  2  years  of  age.  A  single  10  year  old  child  responded  ap¬ 
propriately  to  the  group  Y  capsular  polysaccharide. 

In  contrast,  responses  to  the  group  B  capsular  polysaccharide 
were  inconstant  and  meagre ,  Indeed.  Because  of  the  low  binding 
capacity  of  these  sera,  near  the  limit  of  sensitivity  of  the 
assay,  individuals  who  evidenced  at  least  a  1  ngm  rise  in  bind¬ 
ing  capacity,  plus  a  4-foid  increase  in  hemagglutination;  or 
a  greater  than  2  ngm  rise  in  binding  capacity  alone  were 
considered  to  have  responded.  Even  using  this  generous  criterion, 
only  7  of  24  (29  percent)  individuals  were  judged  to  have  respond¬ 
ed.  Response  appeared  unrelated  to  age  (=.48  by  x^  analysis  with 
1  d.f.),  and  even  among  responders  was  quite  muted,  with  a  geo¬ 
metric  mean  Increase  in  binding  capacity  of  only  2.7  ngm,  and  a 
range  of  1.4  to  4.9  ngm  bound.  Using  the  same  criterion,  7  of  9 
(78  percent  of  military  recruits,  infected  with  group  B  strains, 
and  tested  at  the  same  time,  responded  with  a  geometric  mean 
increase  of  14.7  ngm,  and  a  range  of  28.65  ngm  antigen  bound. 
Surprisingly,  all  children  developed  bactericidal  antibody, 
regardless  of  infecting  group  or  type.  Bactericidal  antibody 
response  was  greater  for  group  B  cases  than  for  group  C 
(geometric  log2 ,  mean  titre  1:77  vs  1:46),  and  among  group  B 
cases,  greater  in  children  over  2  years  of  age  (mean  titre  1:157) 
than  in  those  under  2  years  of  age  (mean  titre  1:34). 

Although  the  numbers  are  small,  bactericidal  antibody  response 
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appeared  greater  in  patients  who  did  not,  but  was  unrelated  to 
the  serotype  of  the  infecting  strain. 

Outer  membrane  complex  lipopolysaccharides  or  LPS,  extract¬ 
ed  from  the  group  C,  type  II,  III,  and  IV  prototype  strains  by 
the  hot  phenol-water  technique  were  used  in  attempts  to  Inhibit 
the  bactericidal  activity  of  selected  sera,  in  order  to  deter¬ 
mine  the  antigenic  specificity  of  bactericidal  antibody  in 
children  who  did  not  respond  to  the  capsular  polysaccharide. 

The  three  group  C  strains,  in  addition  to  differences  in  sero¬ 
type,  elaborate  antlgenlcally  distinct  lipopolysaccharides. 

Their  extracted  LPS's  were  free  of  capsular  polysaccharides, 
protein  or  nucleic  acids,  and  were  anti-complementary  only  in 
quantities  in  excess  of  20  pgm  total  inhibitor.  Convalescent 
sera  from  5  children, ’4  infected  with  Group  B  types  V,  IX  and  NT 
strains,  and  1  with  Group  C,  type  VIII  strains,  were  diluted  to 
the  break-point  in  the  titre-curve  for  lysis  of  their  homologous 
strains,  and  the  inhibitory  capacity  of  each  LPS  determined  in 
parallel ,  by  addition  of  from  625  ngm  to  10  mcgm  of  total  in¬ 
hibitor  to  the  reaction  mixture  1  hour  prior  to  the  addition  of 
complement,  and  meningococci,  followed  by  shaking  at  ambient 
temperature . 

Each  of  the  5  sera  was  inhibited  by  one  or  more  llpopolysac- 
charide.  Two  distinct  patterns  were  observed:  One  in  which  the 
three  LPS  preparations  were  of  equal  inhibitory  capacity,  and  one 
in  which  the  Group  C,  type  III  strains 's  LPS  was  either  the  only 
inhibitory  preparation  or  was  4  to  5-fold  more  inhibitory  -  on  a 
weight  basis. 

Immune  response  following  disseminated  meningococcal  disease 
appears  to  be  predictive  of  vaccine  efficacy.  Since  infants  less 
than  6  months  of  age  respond  adequately  with  bactericidal 
antibody  directed  at  LPS  antigens,  but  only  fitfully  to 
meningococcal  capsular  polysaccharides,  vaccination  the  high- 
risk  group  is  theoretically  feasible  with  the  appropriate 
non-capsular  antigen. 

19.  Strains  of  meningococci  of  serogroups  X,  Y,  Z,  29E  and  W135, 
have  historically  accounted  for  little,  if  any,  epidemic  disease. 
They  do,  however,  continue  to  contribute  significantly  to 
overall  morbidity,  witli  from  15-50  percent  of  cases,  both 
civilian  and  military,  being  of  these  serogroups  during  endemic 
periods.  Furthermore,  relatively  small  outbreaks  of  Group  Y 
meningococcal  disease  are  frequent  among  military  recruits,  and 
Group  W135  has  emerged  as  a  significant  pathogen  in  Northern 


Europe.  If  the  goal  of  total  prevention  of  meningococcal  disease 
among  military  recruits  is  to  be  reached,  vaccines  capable  of 
preventing  dissemination  of  these  "minor"  serogroups  from  the 
nasopharynx  must  be  developed. 

During  FY  78,  capsular  polysaccharide  vaccines  against 
Groups  Y,  W135  and  29E  were  prepared  and  tested  in  laboratory 
and  recruit  volunteers  at  the  WRAIR  and  Fort  Dix,  New  Jersey. 
Analysis  of  imraunogenicity  data  is  incomplete,  however,  all 
three  vaccines  were  immunogenic  in  laboratory  volunteers,  and 
were  well  tolerated  by  both  groups  of  volunteers. 

Two  additional  studies  were  also  undertaken  during  FY  78, 
to  provide  background  date  for  the  use  of  these  vaccines. 

a)  Group  Z,  Neisseria  meningitidis ;  Immunochemical 
analysis  of  the  group-specific  capsular  polysaccharide  and  its 
"one-way"  cross  reaction  with  Group  29E  capsular  polysaccharide. 

The  chemical  composition  of  the  group-specific  capsular 
polysaccharide  of  Group  Z,  Neisseria  meningitidis  was  determined 
by  gas-liquid  chromatographic  analysis,  and  the  nature  of  its 
immunological  cross-reaction  with  the  Group  29E  capsular 
polysaccharide  investigated  using  bacterial  ag^utlnatlon, 
precipitin- in-gel,  primary  antigen  binding,  ana  immune  lysis 
assays.  Group  Z,  capsular  polysaccharide  consisted  of  a  homo¬ 
polymer  of  N-acetyl  galactosamine  (Gal-NH3) ,  while  29E  capsular 
polysaccharide  consisted  of  a  co-polymer  of  Gal-NH^,  and  2-keto, 
3-deox  octulosonic  acid  (KDO) .  An  immunological  cross  reaction 
was  observed  between  the  two  polysaccharides,  presumably  in¬ 
volving  the  Gal-NH3  portions.  Demonstration  of  the  cross-reaction 
between  Group  Z  antisera,  and  the  Group  29E  polysaccharide  varied 
with  the  assay  used.  It  was  most  readily  apparent  in  assays  of 
Immune  lysis,  least  apparent  when  precipitins  were  sought  in  gel, 
and  inapparent  when  bacterial  agglutination,  the  standard  assay 
for  determining  serogroup,  was  employed.  The  cross-reacting 
determinant  appeared  to  be  10-fold  more  prevalent  with  the  Group 
29E  polysaccharide  than  in  the  Group  Z  polysaccharide. 

b)  Disease  due  to  serogroup  W13A,  Neisseria  meningitidis. 

Since  its  description  in  1968,  serogroup  W135,  Neisseria 
meningitidis  has  been  considered  a  "minor"  meningococcal  serogroup 


of  little  clinical  importance  (originally  denominated  "135",  the 
"W"  has  subsequently  been  appended  to  indicate  its  origin  at 
Walter  Reed).  Beginning  in  1975,  however,  this  se^ogroup  emerged 
as  a  significant  cause  of  disease  in  Northern  Europe,  accounting 
for  10-13  percent  of  all  ca s  -s  of  disseminated  meningococcal 
disease  in  Belgium  and  Scotland.  Although  still  little  recogniz¬ 
ed  in  this  hemisphere,  the  European  experience  has  raised  fears 
that  it  may  also  emerge  as  a  significant  serogroup  here. 

Recently,  three  cases  of  disseminated  meningococcal  disease 
due  to  this  serogroup  were  reported  from  a  single  city.  Al¬ 
though  two  of  the  cases  had  documented  meningococcal  bacteremia, 
and  the  final  case  had  meningococcal  pyoarthrosis  and,  therefore, 
can  be  assumed  to  have  had  antecedent  bacteremia,  disease  was 
"mild".  In  all  cases,  and  meningitis  did  not  supervene.  The 
relatively  benign  nature  of  these  illnesses,  and  the  dearth  of 
other  clinical  experience  with  this  organism  lead  us  to  wonder 
whether  disease  due  to  this  serogroup  might  not  be  different 
from  that  caused  by  the  more  common  "major"  serogroups. 

From  December,  1977,  through  May,  1978,  at  least  five 
patients,  ranging  in  age  from  16  months  to  23  years,  seen  at 
U.S.  Army-Medical  Treatment  Facilities  in  this  country,  have  had 
documented  disseminated  disease  due  to  serogroup  W135,  N. 
meningitidis .  The  vagaries  of  reportage  from  so  far-flung  a 
patient  catchment  area  do  not  permit  epidemiological  conclusions; 
however,  these  five  cases  in  six  months  represent  as  many  as 
have  been  seen  in  the  prior  ten  years,  combined,  among  army 
personnel,  and  their  dependents. 

These  cases  clearly  demonstrate  that  serogroup  W135,  N. 
meningitidis  is  fully  pathogenic  for  man.  The  clinical  spectrum 
of  disease  included  uncomplicated,  and  easily  treated  meningitis 
without  rash  or  evidence  of  meningococcal  septicemia;  mild 
menlngococcemla  with  petechial  rash,  and  meningitis;  severe 
meningitis  with  residual  cranial  nerve  palsy;  fulminant 
menlngococcemla  with  disseminated  intravascular  coagulation, 
shock,  and  acute  renal  failure  leading  to  infarction  of  the 
extremities,  and  loss  of  the  terminal  digits;  and  meningococcal 
pneumonia  during  an  outbreak  of  acute  viral  respiratory  disease, 
complicated  by  fulminant  menlngococcemla  with  disseminated  intra¬ 
vascular  coagulation,  and  death.  In  addition,  one  case  may  have 
manifested  post-treatment  serum  sickness  on  day  11,  due  to 
antibody  formation  to  the  capsular  polysaccharide,  a  complication 
reported  in  about  5  percent  of  patients  with  disease  due  to 
other  serogroups.  When  combined  with  previously  reported  cases. 
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the  full  spectrum  of  disease  caused  by  other  serogroups  of 
meningitidis ,  from  a  mild  and  non-specific,  febrile  illness 
which  may  be  self-limited  to  fulminant,  and  rapidly  fatal  sepsis 
with  circulatory  collapse,  and  encephalitis.  Is  represented. 

Although  epidemiological  significance  cannot  be  attached  to 
these  cases,  their  clustering  may  not  be  fortuitous,  in  view  of 
recent  European  experience.  Nor  should  significance  be  attached 
to  the  fact  that  milder  disease  occurred  in  younger  patients. 

The  full  spectrum  of  disseminated  meningococcal  disease,  from 
mild,  self-limited,  respiratory  Infection  to  catastrophic  col¬ 
lapse  and  death,  is  routinely  seen  in  the  military  recruit 
population. 

The  use  of  rifampin  to  prophylactically  treat  "contacts"  of 
three  of  these  patients  was  the  decision  of  the  primary  physician. 
Four  of  the  five  strains  were  sensitive  to  sulfadiazine,  and 
this  antibacterial  agent  would  have  been  a  suitable  alternative 
for  prophylaxis  of  intimate  contacts  of  the  patients  they  Infected. 
However,  one  strain  was  resistant  to  sulfadiazine,  which  emphasizes 
that,  as  with  all  strains  of  N.  meningitidis ,  sulfadiazine  sensi¬ 
tivity  cannot  be  invariably  inferred  from  their  serogroup. 

20.  IgA,  purified  from  sera  of  patients  convalescing  from  group 
C,  meningococcal  disease,  although  not  bactericidal  in  coopera¬ 
tion  with  complement,  can  induce  monocyte-mediated  antibacterial 
activity  against  Group  C,  meningococci  (Fig.  1) .  This  cell- 
mediated  function  of  IgA  is  comparable  to  that  of  similarly 
purified  IgG  in  terms  of  its  a)  antigenic  specificity  for  the 
homologous  capsular  polysaccharide  (Fig.  2),  b)  15-30  minute 
test  incubation  lag  time  of  reactivity  (Fig.  3),  and  c)  37'’C 
optimal  temperature  requirement  (Fig.  4).  IgA  appears  to  be  more 
sensitive  than  IgG  in  our  system  since  effective  amounts  of  IgA 
bind  4-fold  less  specific  antigen  than  that  required  by  IgG 
(Fig.  5)  .  These  data  suggest  that  IgA  may  participate  in  anti¬ 
bacterial  monocyte-mediated  host  immune  defenses  particularly 
where  complement  levels  are  low  or  ineffective. 

21.  Culture  methodology  was  developed  in  order  to  measure  the 
kinetics,  and  cellular  interactions  which  govern  the  ability  of 
human  peripheral  blood  lymphocytes  (PEL)  to  produce  IgG,  IgM  or 
IgA  directed  against  specific  protein,  and  polysaccharide  bacterial 
antigens.  Following  in  vivo  immunization  with  tetanus  toxoid 

(TT) ,  and  group  C,  meningococcal  polysaccharide  (Csss),  cells 
capable  of  producing  specific  Ig  (in  the  absence  of  in  vitro 
stimulation),  were  detectable  among  PEL  only  on  days  5-9 
post- immunization.  Wlien  pokeweed  mitogen  (PWM)  was  used  to 
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mature  B-lymphocy tes  into  Ig-secreting  plasma  cells  Jri  vitro, 
cells  capable  of  producing  specific  Ig  were  detectable  throughout 
the  three-week  post-immunization  study  period.  The  days  in  which 
peak  Ig  production  occurred  tended  to  vary  in  cycles  which  were 
usually  asynchronous  depending  upon  which  Ig  class ,  and  which 
specific  antigen  was  under  investigation.  (Figures  6  and  7) . 
Three  lines  of  evidence  indicate  that  the  Ig  detected  was 
synthesized,  and  secreted  by  the  cultured  cells,  and  not  merely 
carried  by  the  cells  from  donor  serum; 

a)  Known  methods  of  inhibition  of  Ig  synthesis  (irradia¬ 
tion,  actlnomycin-D,  puromycin  and  mltomycin-C) ,  inhibited  Ig 
production  85  percent  to  100  percent.  PHA  was  also  an  effective 
inhibitor  of  many  types  of  Ig  production.  (Figures  8  and  9). 

b)  The  amount  of  Ig  secreted  Increased  as  the  iri  vitro 
culture  period  was  lengthened. 

c)  In  the  absence  of  PWM,  Ig  production  was  undetectable 
even  when  specific  Ig  levels  in  donor  sera  were  high  (12-19  days, 
post-immunization) . 

Our  data  indicate  that  following  iri  vivo  immunization, 
human  peripheral  blood  lymphocytes  can  be  used  Jri  vitro  to 
study  the  kinetics,  and  cellular  interactions  which  govern  the 
production  of  specific  IgG,  IgM  and  IgA  directed  against  defined 
protein,  and  polysaccharide  bacterial  antigens.  Use  of  similar 
assays  has  previously  advanced  the  cellular  foundation  of  murine 
humoral  Immunology.  Application  of  our  new  methodology  using 
readily  available  human  peripheral  blood  cells  will  allow 
sophisticated  analysis  of  the  cellular  basis  of  modulation,  and 
Immunopotentiation  of  specific  antibacterial  antibody  responses 
in  humans. 

Pneumococcal  antiserum  is  opsonic  ^  vitro ,  and  using  a 
bactericidal  assay  employing  human  polymorphonuclear  leukocytes, 
complement,  and  rabbit  antisera  we  have  found  that  antisera 
raised  against  Streptococcus  pneumonia,  type  14  (SP-14) ,  are 
opsonic  Croup  B,  type  III,  streptococci  (CBS  III) (Figure  10  and 
Table  11) .  The  antisera  were  also  protective  in  an  experimental 
rat  model  of  neonatal  GBS-IIl  sepsis  (Fig.  11).  An-S.  pneumoniam 
type  3  (SP-3) ,  antisera  were  ineffective  both  in  vitro  (Table  12), 
and  in  vivo  (Fig.  11).  Opsonic  activity  against  GBS-III  was 
abrogated  by  absorption  of  either  anti-GBS  III  antisera  or  antl- 
SP-14  antisera  with  either  GBS-llI  or  SP-14  organisms,  but  not 
when  SP-3  or  group  B  strain  090R  streptococci  were  used  in 
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adsorptions.  (Table  13).  Since  090R  streptococci  express  group- 
specific  but  not  type-specific  antigens,  our  adsorptions  data 
indicate  that  the  antibody  in  anti-SP-14  antisera,  which  opsonizes 
GBS-III  is  directed  against  the  type-specific  capsular  poly¬ 
saccharide  of  GBS-III.  Since  the  conunercially  available 
pneumococcal  vaccine  has  been  shown  to  induce  antl-SP-14  anti- 
SP-IA  antibodies  in  humans,  and  since  Invasive  neonatal  GBS 
disease  has  been  associated  with  a  deficiency  of  maternal  type- 
specific  antibody,  neonatal  protection  against  GBS-III  disease 
(which  has  recently  emerged  as  a  dominant  cause  of  morbidity  and 
mortality)  may  be  possible  by  maternal  immunization  with  this 


Table  2  Inhibition  of  Epithelial  Cell  Attachment  (lEA)  by 
_ _  Rabbit  Antisera 


lEA  titer 


(1) 


(2) 

Antisera^  '  Strain 


093 

130 

084 

127 

084  (12  Feb) 

1:32 

1:4 

1:128 

1:4 

127  (25  Mar) 

1:2 

1:256 

1:4 

1:256 

093  (13) 

1:128 

1:8 

1:128 

1:2 

130  (26  Mar) 

1:16 

1:64 

1:16 

1:64 

093  abs  130^^^ 

1:16 

1:1 

1:32 

1:2 

130  abs  093(3^ 

<1:1 

1:64 

<1:1 

1:8 

(1)  50%  inhibition 

(2)  antisera  raised  to  piliated  colonies 

(3)  antisera  130  and  093  absorbed  with  strains 

093  and  130,  respectively 
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Table  3  Cross  reactivity  of  plli  as  determined 
by  solid  phase  radioimmunoassay 

pill 


084 

127 

antisera 

ab . 

bouhd 

(1)  ^(2) 

ab .  bound 

% 

084 

552 

pg/ml 

100% 

130  yg/ml 

24% 

127 

69 

n 

52% 

132  " 

100% 

093 

534 

M 

100% 

123  " 

23% 

130 

58 

tl 

33% 

176  " 

100% 

093 

abs 

130 

520 

II 

100% 

40  yg/ml 

8% 

130 

abs 

093 

15 

Mg/ml 

16% 

97  yg/ml 

100% 

o 

00 

abs 

127 

587 

II 

100% 

40 

8% 

127 

abs 

084 

ND 

ND 

(1)  antibody  bound  (pg/ml)  to  pili  as  estimated  by 
quantitative  precipitation  with  meningococcal 
outer  membrane  complex. 

(2)  percent  binding  of  antibody  to  pilus  antigen.  The 
amount  of  antibody  bound  to  pill  isolated  from  the 
homologous  strain  was  considered  100%  binding. 


Table  4  Binding  of  antibody  in  vaginal  secretions  to 

gonococcal  lipopolysaccharide  (LPS),  pili,  and  native  cell 


wall 

complex 

(NC) 

PERCENT 

ANTIBODY 

BOUND 

lEA 

Vaginal  secretion 

LPS 

Pili 

NC 

unabsorbed 

24.9 

12.0 

26.0 

1.32 

abs  LPS 

0 

13.6 

9.7 

1.32 

abs  alum 

6.0 

14.3 

13.9 

1.32 

abs  pill 

4.6 

0 

2.0 

<1:1 

abs  NC 

1.5 

0 

0 

•  <  1:1 

abs  LPS ,  then  pili 

0 

0 

ND 

<  1:1 

abs  LPS,  then  NC 

0 

0 

0 

<1:1 

normal  secretion 

1.7 

2.4 

0 

<  1:1 
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Table  5  Inhibition  of  Epithelial  Cell  Attachment  by  Vaginal 
Secretion  Absorbed  witn  Homologous  Llpopolysaccharlde ,  Native 
Complex  or  Fill 


> 

r 


L 


{ 


Dilution 

Unabsorbed 

LPS 

NC 

Pill 

1:1 

95% 

92% 

48% 

17% 

1:2 

92 

90 

38 

20 

1:4 

88 

86 

42 

20 

1:8 

81 

81 

38 

9 

1:16 

75 

76 

38 

20 

1:32 

55 

68 

36 

14 

1:64 

42 

59 

32 

13 

1:128 

32 

36 

32 

14 

1:256 

21 

34 

28 

9 

1:512 

13 

29 

28 

13 

lous  Chlosemcarbazone  compounds 


L(8)  1  2  64  6  12  2-128  6-128  .031  <  .031 


Table  6  Sensitivity  of  bacterial  strains  to  various  thiosemicarbazone  compounds  (Cont'd) 


no  of  tests  performed 
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Table  9  Bactericidal  antibody  response  of  individual  volunteers 
to  the  first  dose  of  vaccine.  Reciprocal  bactericidal  titer  vs 
indicated  test  strain 


Table  10  Antibody  response  to  the  protein  component  of  the  vaccine 
as  determined  by  SPRIA. 


Vaccine 

Lot 

No.  of 
Volunteers 

Antigen* 

Serum 

(week) 

Mean 

Antibody 

Conc.t 

Range 

BP2-WZ-2 

4 

OMC 

0 

5.7 

1.7-14 

2 

54 

17-165 

5 

40 

18-57 

7 

40 

18-77 

10 

35 

15-60 

LPS 

0 

0.71 

0.52-0.92 

2 

0.96 

0.52-3.4 

5 

0.78 

0.50-2.2 

7 

0.8 

0.47-1.8 

10 

0.76 

0.37-1.9 

BP2-PA-3 

4 

OMC 

0 

4.5 

1.5-11 

2 

46 

23-93 

5 

33 

16-75 

7 

35 

16-79 

10 

31 

12-66 

LPS 

0 

1.0 

0.5-3. 5 

2 

1.9 

1. 3-3.0 

5 

1.8 

1.2-3. 5 

7 

1.5 

0.5-3. 6 

10 

1.4 

0. 5-3.1 

*  Antigens  were  derived  from  the  vaccine  strain, 
t  pg  antibody /ml. 
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Table  11  Duration  of  human  bactericidal  antibody  response  and 
effect  of  booster  dose*. 


Vaccine 

Lot 

Number  of 

Volunteers 

Serum 

(week) 

Test 

6155 

(B:P9:L3,7) 

strain 

138It 

(C:P2:L3) 

BP2-WZ-2 

4 

0 

14t 

C 

2 

512 

2.8 

5 

181 

3.5 

7 

274 

4.0 

10 

128 

3.5 

BP2-PA-3 

4 

0 

5.7 

0 

2 

79 

28 

5 

56 

20 

7 

79 

16 

10 

23 

8 

*  Second  dose  was  given  at  five  weeks, 
t  Sera  were  absorbed  with  118V(C: P3,4 :L2 ,4) . 
t  Geometric  mean  reciprocal  titers. 
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Table  12  The  effect  of  low-titer  rabbit  antisera  on 
PMN  bactericidal  activity  against  GBS  III. 


Serum 

Serum 

dilution 

No.  of  viable 
bacteria/ml  x 

10^ 

PMN 

bactericidal 

activity* 

0  min 

60  min 

120  min 

60  min  120  min 

None 

0 

8.6 

17.2 

30.4 

0% 

0% 

P  re- 

1/2.5 

6.2 

17.2 

27.6 

0% 

0% 

immune 

1/5 

7.0 

14.0 

22.0 

OZ 

0% 

1/10 

6.4 

16.8 

28.0 

0% 

0% 

1/20 

6.0 

16.4 

22.8 

0% 

0% 

1/40 

6.5 

13.2 

24.4 

0% 

0% 

Antl- 

1/2.5 

7.3 

0.3 

0.1 

96% 

99% 

GBS  III 

1/5 

9.6 

1.7 

0.2 

82% 

98% 

1/10** 

19.2 

1.2 

0.8 

94% 

96% 

l/20t 

14.0 

3.  7 

6.0 

74% 

57% 

1/40 

24.0 

16.4 

9.2 

32% 

61% 

1/80 

11.2 

6.5 

30.8 

0% 

0% 

Anti- 

1/2.5 

9.8 

1.2 

1.5 

99% 

85% 

P  14 

1/5** 

14.8 

1.9 

0.8 

87% 

95% 

1/10 

11.7 

6.2 

6.9 

47% 

41% 

l/20t 

15.6 

7.1 

4.9 

54% 

69% 

1/40 

8.0 

6.7 

8.6 

16% 

0% 

1/80 

6.8 

8.9 

10.4 

0% 

0% 

Ant  i- 

1/2.5 

7.0 

3.2 

64.0 

55% 

0% 
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Table  12  Continued 


1/5 

18.8 

16.0 

77.2 

11% 

0% 

1/10 

14.4 

9.2 

85.6 

36% 

0% 

1/20 

13.2 

78.8 

80.0 

0% 

0% 

1/40 

11.6 

30.8 

80.0 

0% 

0% 

Abbreviation  as  follows:  GBS  Ill-Group  B  Streptococci 
Type  III,  P  14-S,  pneumoniae  Type  14,  P  3-S ,  pneumoniae 
Type  3,  PMN-Polymorphonuclear  neutrophiles 

*  Per  cent  bacteria  killed  compared  to  no.  of  viable 
bacteria  present  in  the  initial  inoculum  (0  min) 
according  to  the  formula  shown  in  Materials  and 
Methods. 

**  Highest  titer  at  which  >  80%  of  bacteria  killed 
following  both  60  and  120  min.  of  test  incubation. 

t  Highest  titer  at  which  >50%  of  bacteria  killed 
following  both  60  and  120  min.  of  test  incubation. 
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Table  13  The  effect  of  adsorption  with  hothologous  or  hetero¬ 
logous  bacteria  on  the  ability  of  rabbit  antisera  to  opsonize 
GBS  III. 


Anti¬ 

serum 

Adsorbing 

bacteria 

No.  of  viable  PMN  bactericidal 
bacteria/ml  x  10^  activity 

against  GBS  III 

0  min.  120  min.  at  120  min.* 

P  14t 

None 

4.3 

0.2 

95% 

P  14 

6.6 

>8.0 

0% 

GBS  III  (Nor) 

10.4 

28.0 

0% 

GBS  III  (620) 

5.0 

>8.0 

0% 

GBS  090R 

5.6 

0.7 

87% 

P  3 

18.0 

0.4 

98% 

GBS  III** 

None 

7.5 

0.04 

99% 

(Nor) 

GBS  III  (Nor) 

5.8 

>8.0 

0% 

P  14 

31.2 

00 

0% 

Abbreviations  as  follows:  GBS  Ill-Group  B  Streptococci 
Type  III,  GBS  090R-Group  B  Streptococcus  Strain  090R, 

P  14-S,  pneumoniae  Type  14,  P  3-S.  pneumoniae  Type  3, 

PMN-Polymorphonuclear 

neutrophiles 

*  Per  cent  bacteria  killed  compared  to  no.  of  viable 
bacteria  in  the  initial  Inoculum  (0  min.)  according  to 
the  formula  shown  in  Materials  and  Methods . 

**  Serum  titers  used  =  1/10 
t  Serum  titers  used  =  1/20 
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Figure  b 
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23.  (U)  Determine  the  factors  influencitig  outbreaks  of  plague  infection  and  the  most 
appropriate  methods  to  prevent  the  infection  of  troops  engaged  in  field  operation. 

24.  (U)  Using  standard  methods,  specimens  and  sera  from  humans  and  animals  are  tested 
for  the  presence  of  Y.  pestis  and  F-1  antibody  to  Y.  pestis. 

25.  (U)  77  10  -  78  09  A  correlation  between  the  serological  response  to  F-1  antigen 
and  resistance  to  acute  plague  in  rats  has  been  established.  Rats  having  IHA  titers 
of  1  /50  have  a  50  percent  chance  of  survival  to  subcutaneous  challenge  and  a  titer  of 
1/200  affords  a  50  percent  chance  of  survival  in  Intranasal  challenge  with  plague 
bacilli  in  fully  virulent  form.  However,  as  time  passed,  the  surviving  vaccinated 
rats  (17  percent  of  those  vaccinated  with  living  attenuated  vaccines —  26  percent 

of  those  vaccinated  with  killed  USP  vaccine —  5  percent  of  those  given  passive  immuni¬ 
zation)  developed  chronic  plague.  ELISA  techniques  have  been  successfully  utilized  | 
with  F-1  antigen  and  use  of  other  specific  Y.  pestis  antigens  to  reflect  plague 
infection  with  aberrant  bacilli  is  under  study.  The  production  of  a  bacteriocin-1 ike 
substance  produced  by  all  types  of  Y.  pseudotuberculosis  and  the  pesticin  I  of 
Y.  pestis,  which  is  inliibitory  to  the  growth  of  type  I  Y.  pseudotuberculosis,  war,  i 

greatly  influenced  by  pH  and  various  media  c^'nstituents.  Propagation  of  rough  phage 
Ffm  in  Y,  pestis  strain  DF-1  greatly  restricted  the  affinity  of  Ffm  for  its  normal  ' 
host  S.  cyphimurium,  an  effect  not  seen  with  Y.  pestis  strain  Exu  1.  For  technical 
report  see  Walter  Reed  Army  InstittJte  of  Research  Annual  Progress  Report,  1  Oct  77  - 
30  Sept  78. 
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Project  3M161102BS01  RESEARCH  ON  MILITARY  INJURY  AND  DISEASES 

Work  Unit  133  Ecology  of  Plague 

Investigators. 

Principal:  COL  Dan  C.  Cavanaugh,  MSC 

Associates:  LTC  David  M.  Robinson,  VC;  MAJ  James  E. 

Williams,  MSC;  Daniel  N,  Harrison,  Ph.D.; 

Peter  Gemski,  Jr.,  PH.D.;  SP5  Steven 
Paxton;  SP4  Michael  Fortier 

Description. 

To  determine  the  factors  influencing  outbreaks  of  plague 
infection  and  the  most  appropriate  methods  to  prevent  the 
infection  of  troops  engaged  in  field  operation. 

Progress. 

The  plague  outbreaks  of  1975  and  1976  in  the  United  States 
have  continued  into  1977,  the  human  cases  occurring  in  areas 
previously  described  (Annual  Report,  WRAIR,  1977).  Fort  Wingate, 
New  Mexico  and  the  Pueblo  Army  Depot  in  Colorado,  however,  have 
again  experienced  plague  epizootics.  All  plague  strains  isolated 
from  plague  patients  over  the  past  few  years  have  been  of  fully 
virulent  phenotype  and  sensitive  to  streptomycin  and  tetracycline. 

Research  during  the  period  covered  by  this  report  has  been 
directed  towards:  1)  testing  the  abilities  of  various  vaccines 
and  drugs  to  prevent  acute  and  cryptic  plague  in  rats;  2)  dev¬ 
eloping  and  testing  methodologies  directly  applicable  to  studies 
of  Yersinia  pestis  phenotypes  and  chronic  disease,  and  3)  impro¬ 
ving  diagnostic  procedures  for  diagnosis  and  surveillance  of 
plague  infection.  A  study  on  the  susceptibility  of  the  California 
ground  squirrel  Spermophilus  beecheyi  was  also  completed.  These 
matters  form  the  basis  of  this  report. 

I.  Studies  with  plague  vaccines. 

The  relationship  of  FI  antibody  titer  to  protection  against 
plague  was  investigated  by  subjecting  vaccinated,  seropositive 
laboratory  rats  to  virulent  challenge  and  observing  for  survival. 
The  Indirect  HA  (IHA)  test  was  employed  for  serology.  Three 
groups  of  seropositive  rats,  with  appropriate  controls,  were 
challenged  sc.  Rats  in  the  first  group  had  been  vaccinated  with 
10^  -  10^  _Y.  pestis  of  the  live  avirulent  strain  EV76(51f)  and 
were  challenged  either  26  days  later  'ith  5  X  10^  _Y.  pestis  195/P 
or  ten  weeks  later  with  2  X  10^  jf.  pert  is  195/P.  The  second  group 


> 
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consisted  of  rats  that  had  received  killed  whole-organism  plague 
vaccine  U.S.P.  (Cutter  Laboratories,  Berkeley,  CA  94710,  USA), 
with  Injections  of  either  1  ml  on  days  1,  32  and  49  followed  by 
0.2  ml  on  day  83  or  0.5  ml  on  days  1,  32,  49  followed  by  0.1  ml 
on  day  83.  These  rats  were  challenged  100  days  after  vaccination 
with  10^,  10^,  or  10^  Y.  pestls  195/P.  The  third  group  contained 
rats  vaccinated  with  FI  antigen  (Walter  Reed  Lot  4,  July  71)  In 
Freund's  complete  adjuvant  (Dlfco,  Detroit,  MI  48232,  USA).  The 
rats  received  an  Initial  sc  Injection  of  500  meg  FI  followed  by 
booster  Injections  of  200  meg  FI  at  seven  and  14  days.  These 
rats  were  challenged  six  weeks  later  with  3.5  X  10^  Y.  pestls 
195/P. 

Two  groups  of  rats  were  challenged  concurrently  by  nasal 
Instillation  of  8.9  X  10^  phagocytosis-resistant  Y.  pestls  195/P. 
One  group  consisted  of  rats  vaccinated  with  FI  antigen,  as  out¬ 
lined  above,  six  weeks  earlier.  The  other  group  contained  rats 
that  had  been  inoculated  sc  with  43  virulent  if.  pestls  195/P 
and,  two  days  later,  administered  jn  intraperitoneal  injection 
of  antiplague  serum-glob uiin  (Lederle  Laboratories,  Pearl  River, 

NY  10965,  USA)  equivalent  to  15  ml  of  rabbit  serum.  Rats  sur¬ 
viving  sc  infection  without  discernible  buboes  were  challenged 
intranasally  after  six  months  when  it  could  be  reasonably  assumed, 
from  previous  studies  (1),  that  the  antiserum  administered  had 
been  eliminated  and  any  titer  present  was  derived  from  active 
immunization.  Challenge  infections  were  done  by  subcutaneous 
(sc)  inoculation  or  nasal  instillation  of  virulent  pestls  of 
the  195/P  strain.  Plague  bacilli  inoculated  sc  were  cultured 
at  25°C  to  obtain  phagocytosis-sensitive  Y.  pestls  similar  to 
those  transmitted  by  fleas,  whereas  intranasal  challenge  employed 
encapsulated  phagocytosis-resistant  plague  bacilli  grown  ^  vivo 
to  simulate  organisms  implicated  in  inter-human  transmission  of 
pneumonic  plague  (2) .  Intranasal  challenge  employed  Y.  pestls 
195/P  taken  from  the  peritoneum  of  a  moribund  WR  rat. 

Whereas  unvaccinated  rats  always  died  after  challenge 
infection,  many  vaccinated  rats  survived  sc  challenges  with 
phagocytosis-sensitive  Y.  pestls  or  Intranasal  challenge  with 
phagocytosis-resistant  Y.  pestls.  Survival  among  vaccinated 
rats  was  in  direct  proportion  to  the  titer  of  FI  antibody 
present  at  the  time  of  challenge  (Table  1) .  In  vaccinated  rats 
that  died,  death  was  delayed  and  the  average  time  to  death  was 
directly  correlated  with  the  FI  antibody  titer  at  time  of 
challenge. 

Patterns  of  survival  following  sc  challenge  were  similar  in 
groups  of  rats  vaccinated  with  avlrulent  live  vaccine,  whole- 
organism  killed  vaccine  or  FI  subunit  vaccine.  Overall  survival 
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In  rats  challenged  sc  was  6%  (6/94)  at  FI  antibody  titers  -1:16, 

46%  (11/24)  at  titers  of  1:32-1:64,  90%  (18/20)  at  titers  of 
1:128-1:256,  and  96%  (44/46)  at  titers  of  1:512-1:1024. 

Patterns  of  survival  after  Intranasal  challenge  were  similar 
In  groups  of  rats  that  had  derived  FI  antibody  titers  from  vacci¬ 
nation  with  FI  antigen  or  from  a  previous  Infection  with  virulent 
Y.  pestls.  Unlike  the  sc  challenge,  however,  rats  with  titers 
^1:64  never  survived  Intranasal  challenge,  reflecting  the  high 
virulence  of  phagocytosis-resistant  If.  pestls.  An  Increased 
mortality  was  not  evident  In  rats  possessing  higher  levels  of 
antibody  at  the  time  of  challenge.  Overall  survival  from  Intra¬ 
nasal  challenge  was  86%  (6/7)  In  rats  with  FI  antibody  titers  of 
1:128-1:256  and  100%  (17/17)  at  titers  of  1:512-1:1024. 

The  results  of  our  studies  with  laboratory  Norway  rats  suggest 
that  the  HA  titer  of  FI  antibody  Is  a  significant  Indicator  of 
protection  from  acute  bubonic  plague  In  this  species.  In  fact, 
retrospective  analyses  of  published  data  for  bubonic  plague  in 
wild-caught  Norway  rats,  and  also  in  laboratory  monkeys,  showed 
strikingly  similar  results.  In  all  cases,  greater  numbers  of 
animals  survived  experimental  infections  where  the  levels  of  FI 
antibody  present  at  the  time  of  challenge  were  higher.  In 
Norway  rats  and  In  monkeys,  the  majority  of  Individuals  possessing 
final  FI  antibody  titers  -  1:128  (e.g..  Initial  serum  dilutions 
-  1:64  In  the  IHA  test)  survived  severe  challenges  with  plague 
bacilli  of  classical  virulence.  Some  protection  was  evident  even 
In  vaccinated  animals  that  succumbed  to  experimental  plague. 
Including  Individuals  that  had  no  measurable  titer  at  challenge, 
as  death  was  delayed.  Possibly  very  small  amounts  of  antibody  to 
the  FI  antigen  were  present  that  were  not  detected  by  the  sero¬ 
logical  method  used,  or  perhaps  other  Immunological  mechanisms 
had  functioned  for  a  time  to  delay  death.  Alternatively,  some 
protection  against  virulent  challenge  may  have  been  derived  from 
exposure  to  other  antigens  of  the  plague  bacillus.  Similarly, 
a  good  correlation  between  FI  antibody  titer  and  survival  was 
found  from  our  experiments  with  intranasal  challenge  of  laboratory 
rats.  Meyer  (3)  estimated  that  only  10%  of  the  bacilli  admini¬ 
stered  Intranasally  reach  deeper  respiratory  passages  (e.g., 

8,900  Y.  pestls  in  the  present  study) ,  and  infection  of  larynx, 
tonsils  or  other  portions  of  the  upper  respiratory  tract  may 
also  result.  Although  intra  ar..'?!  challenge  is  not  as  reliable 
as  other  methods  (e  g.,  HendoL-son  appar.icus)  for  Inducing  a 
relatively  uncomplicated  plague  pneumonia,  our  data  indicated 
Intranasal  challenge  to  be  much  more  severe  than  sc  challenge, 
with  no  survivors  among  intranasally  challenged  rats  possessing 
FI  antibody  titers  less  than  1:128.  The  experimental  data  suggest 
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including  individuals  that  had  no  measurable  titer  at  challenge, 
as  death  was  delayed.  Possibly  very  small  amounts  of  antibody  to 
the  FI  antigen  were  present  that  were  not  detected  by  the  sero¬ 
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FI  antibody  titers  less  than  1:128.  The  experimental  data  suggest 
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that  FI  antibody  titer  may  be  s  good  measure  of  immunity  to 
pneumonic  as  well  as  bubonic  plague. 

Although  anti-Fl  HA  titer  in  Norway  rats  is  an  indicator 
of  protection  against  acute  plague,  there  is  good  evidence  that 
this  relationship  does  not  extend  to  protection  from  chronic 
plague  in  these  rats  (4).  Indeed,  FI  antibody  may  have  some 
influence  on  the  development  of  chronic  disease  (5) .  As  reported 
previously  (Annual  Report,  WRAIR,  1977),  Norway  rats  vaccinated 
with  either  living  attenuated  plague  vaccine  (EV)  or  killed 
plague  vaccine  DSP,  as  well  as  rats  passively  immunized  with 
polyvalent  antiplague  serum  survived  acute  disease  Induced  by 
challenge  with  fully  virulent  pestls  of  phenotype  FI'*’,  wr*", 

P"*",  PCF^.  Many  survivors  of  acute  disease,  however,  subsequently 
developed  chronic  plague  infection.  Many  diverse  phenotypes  of 
the  plague  bacillus  were  identified  in  chronic  lesions  but  of 
chief  concern  was  phenotype  Fl“,  VW'*',  P"*",  PCF'*’.  A  2.5  year 
study  has  been  completed  which  provides  information  on  the  rates 
at  which  chronic  disease  occurs  in  vaccinated  rats  (Table  2) 
and  the  persistence  of  various  phenotypes  in  chronic  lesions 
(Table  3). 

Several  reports  have  shown  virulent  _Y.  pestls  survive  in 
the  lesions  of  patients  following  treatment  with  effective 
antibiotics  (Annual  Report,  WRAIR,  1977).  Concern  over  the 
possibility  of  these  surviving  organisms  establishing  a  chronic 
infection  prompted  a  long  range  study  where  two  groups  of  20 
normal  R.  norvegicus  were  treated  with  either  streptomycin  or 
tetracycline  for  10  days  after  plague  infection  was  well- 
established.  Treatments  were  successful  and  chronic  disease  was 
not  observed  in  these  rats. 

II.  Experimental  plague  in  the  California  ground  squirrel. 

Plague  in  the  California  ground  squirrel,  Spermophllus 
(Cltellus)  beecheyl ,  has  presented  a  public  health  threat  of 
considerable  magnitude  since  1908  and  many  human  cases  of  plague 
have  originated  from  contact  with  diseased  squirrels.  This  study 
of  squirrels  collected  from  a  defined  locale  with  a  previous 
history  of  epizootic  plague  was  designed  to  examine  the  current 
potential  for  epizootics  in  this  species  and  the  role  of  Cali¬ 
fornia  ground  squirrels  in  maintaining  enzootic  plague  foci. 

Young  California  ground  squirrels  were  trapped  on  Fort  Hunter 
Liggett  in  southeastern  Monterey  County,  California,  disinfested 
and  acclimated  to  laboratory  conditions  in  individual  cages  for 
two  months  before  use.  The  squirrels  adapted  readily  and 
exhibited  a  well-conditioned,  healthy  appearance  and  rapid  growth. 
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Squirrels  were  bled  two  weeks  prior  to  challenge  and  several 
times  thereafter.  The  sera  obtained  were  inactivated  at  56°C 
for  30  minutes  and  tested  (16)  for  indirect  hemagglutination 
(HA)  antibody  to  the  specific  fraction  1  (FI)  antigen  of  the 
plague  bacillus.  Strain  761000  of  If.  pestis  was  used  for  exp¬ 
erimental  infections.  This  strain  was  recovered  from  a  fatal 
human  case  of  plague  that  occurred  during  April,  1966,  in  Kem 
County,  California,  shortly  after  a  die-off  of  ground  squirrels. 
Squirrels  were  challenged  by  sc  inoculation  of  Y.  pestis  cultured 
at  25°C  to  simulate  infection  by  fleablte  (2).  All  squirrels  that 
died  were  autopsled,  and  Isolation  of  Y.  pestis  was  attempted  from 
spleen  and  heart's  blood. 

FI  antibody  was  not  detected  in  sera  taken  from  California 
ground  squirrels  before  initial  challenge.  Confirmed  plague 
deaths  occurred  at  all  levels  of  Infection,  including  one 
squirrel  exposed  to  c^iy  6  Y.  pestis  (Table  A).  The  LD^q  for 
ground  squirrels  equalled  6,070  Y.  pestis ,  equivalent  to  567 
mouse  LD5Q.  Squirrel  mortality,  as  well  as  serological  response 
to  infection,  was  dose  related.  Squirrels  succumbing  to  plague 
lived  an  average  of  7.9  days  from  challenge  to  death. 

Of  26  squirrels  surviving  infections  with  -  1  LD^q ,  73%  did 
not  develop  a  titer  of  IHA  antibody.  However,  all  squirrels  sur¬ 
viving  -  10  LD^q  demonstrated  seroconversion,  although  titers 
never  exceeded  1:64  (Table  5).  The  ID^q  for  squirrels,  calculated 
on  the  basis  of  plague  death  and  seroconversion  as  indices  of 
infection,  equalled  256  pestis ■ 

Surviving  squirrels  were  reinfected  sc  with  6,800  Y.  pestis 
(544  mouse  LDcq  or  27  squirrel  ID^q) .  With  the  exception  of  one 
squirrel  that  had  developed  a  transient  HA  titer  of  8  about 
11  weeks  after  Initial  infection,  these  animals  never  exhibited 
titer  prior  to  their  second  infection.  Four  squirrels  died  of 
plague  and  14  survived.  Four  surviving  squirrels  produced  low 
levels  of  antibody  while  nine  remained  seronegative.  The  squirrel 
that  had  demonstrated  a  titer  of  8  some  months  before  reinfection 
developed  a  titer  of  1:256  four  weeks  thereafter  (Table  5). 

Although,  in  comparison  with  laboratory  mice,  beecheyl 
is  relatively  resistant  to  infection  with  Y.  pestis ,  the  resis¬ 
tance  should  be  viewed  from  an  ecological  perspective.  Fleas 
have  been  found  to  transmit  up  to  24,000  Y.  pestis  through 
feeding  (6).  Thus,  the  bite  of  a  single  infected  flea  could 
transmit  about  4  LD^q  (or  42  ID^q)  of  Y.  pestis  when  feeding 
upon  these  squirrels. 
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The  data  for  infective  doses  up  to  6,800  Y.  pestls  probably 
reflect  best  the  consequences  of  natural  plague  infection  by 
fleablte.  These  data  indicate  that  at  least  70%  of  the  squirrel 
population  sampled  would  become  infected  from  the  bite  of  a 
single  infective  flea,  although  only  about  39%  would  be  expected 
to  die.  Squirrels  that  survive  plague  certainly  could  support 
infected  fleas,  and  subsequent  Infections  of  susceptible  squirrels, 
recruited  into  the  population  by  immigration  or  natality,  would 
serve  to  perpetuate  disease  resulting  in  an  enzootic  plague  focus. 

Epizootics  may  still  occur  among  relatively  plague  resistant 
squirrels.  Occasional  "die-offs"  due  to  plague  have  occurred  in 
areas  where  a  history  of  past  epizootics  would  suggest  that 
resistance  to  plague  should  have  developed.  Indeed,  the  experi¬ 
mental  data  from  this  and  other  studies  (7)  indicate  that  mortality 
Increases  with  the  frequency  of  reinfection.  Approximately  20% 
of  reinfected  squirrels  succumb  to  disease,  with  bacteremia 
sufficient  to  infect  fleas.  Furthermore,  as  mortality  increases 
in  a  squirrel  population,  the  flea  load,  which  under  normal  cir¬ 
cumstances  may  average  over  60  fleas  per  animal.  Increases  on 
surviving  squirrels  enhancing  the  probability  of  reinfection  by 
fleablte.  We  have  observed  flea  indices  in  excess  of  230  fleas 
per  squirrel  on  survivors  of  field  rodenticlde  campaigns  (8) . 
Obviously,  numerous  Inoculations  of  plague  bacilli  can  occur  over 
a  short  period  of  time  under  similar  circumstances  when  Infected 
fleas  are  present.  Subsequent  squirrel  mortality  might  be  dose 
related;  mortality  Increased  to  an  average  of  64%  at  doses  -  10 

in  our  laboratory  experiments,  and  a  single  natural  inocu¬ 
lation  by  fleablte  may  represent  up  to  four  squirrel  LD^q.  In 
addition,  reinfections  by  contact  with  moribund  animals,  many  of 
which  exhibit  bacteremia  with  bloody  noses,  or  from  the  canniba¬ 
lism  of  infected  carcasses  must  be  considered.  The  titers  of  HA 
antibody  we  observed  in  California  ground  squirrels  help  to 
explain  why  seropositive  squirrels  have  been  seldom  detected  in 
serosurveys  conducted  during  enzootic  periods.  Not  only  are  there 
few  infective  fleas  to  infect  squirrels,  but  squirrels  surviving 
an  infection  from  the  bite  of  a  flea  probably  demonstrate  only 
low  levels  of  FI  antibody,  and,  in  serosurveys,  only  indirect  HA 
titers  -  32  are  generally  accepted  as  diagnostic  evidence  of 
plague  infection.  During  and  shortly  following  epizootics,  when 
infective  fleas  are  more  abundant,  reinfections  of  squirrels  may 
stimulate  Increased  levels  of  antibody;  i.e.,  a  serological 
response  of  8  resulting  from  an  initial,  non-lethal  infection  was 
increased  in  our  study  to  256  after  a  subsequent  inoculation  of 
X-  pestis.  Consequently,  seropositive  squirrels  could  become  more 
numerous  at  such  times.  Significantly,  recent  experiments  with 
rock  squirrels  (Spermophilus  variegatiis)  collected  in  New  Mexico 
have  demonstrated  that  tliese  animals,  like  California  ground 
squirrels,  frequently  survive  initial  plague  infection  and  produce 


only  low  levels  of  HA  antibody  (9).  In  effect,  the  results  re¬ 
ported  In  this  study  may  reflect  the  serological  responses  to 
Infection  exhibited  by  other  plague  resistant  rodents. 

III.  Cooperative  study  on  tests  for  the  detection  of  plague 
antibodies. 

Recent  work  compared  World  Health  Organization  (WHO) 
reagents  and  procedures  for  the  Indirect  hemagglutination  (IHA) 
test  for  FI  antibody  with  the  reagents  and  procedures  utilized 
for  IHA  at  WRAIR.  The  WHO  supplied  reagents  (manufactured  In 
the  USSR),  detailed  protocols  for  the  WHO  test  and  1.8  lyophlllzed, 
unknown  sera  for  testing.  The  sera  were  rehydrated  and  then 
tested  simultaneously  with  the  WHO  reagents  by  the  WHO  test 
procedure  and  with  WRAIR  reagents  and  methods. 

Titers  for  seven  sera  were  <  1:40  In  both  WHO  and  WRAIR 
tests,  and  three  sera  demonstrated  titers  -  5,120  by  both  tests. 
Eight  sera  gave  titers  of  1:80  -  1:320  (GMT  »  1:160)  by  the 
WRAIR  test  and  1:20  -  1:160  (GMT  “  1:64)  by  the  WHO  test.  Thus, 
the  average  difference  between  tests  slightly  exceeded  one  two¬ 
fold  dilution  of  serum.  Subsequent  tests  on  control  sera  demon¬ 
strated  that  this  small  difference  between  tests  may  have  resulted 
from  a  somewhat  heavier  concentration  of  fractlon-1  sensitized 
cells  employed  In  the  WHO  test  which  decreases  test  sensitivity. 

Results  of  these  tests  (titers  from  WHO  IHA  tests  averaged 
40%  of  titers  from  WRAIR  IHA  tests)  were  very  similar  to  the 
results  from  a  previous  study  that  compared  the  WHO  hemaggluti¬ 
nation-  Inhibition  (HAD  test  with  WRAIR' s  IHA  test  (10)  where 
titers  from  WHO  HAI  tests  averaged  56%  of  titers  from  WRAIR 
IHA  tests. 

IV.  Studies  with  diagnostic  reagents. 

Although  the  Indirect  HA  test  has  been  utilized  In  plague 
serology  for  over  20  years,  recent  observations  on  cryptic  plague 
(Annual  Report,  WRAIR,  1977)  have  Indicated  a  requirement  for 
serological  procedures  that  employ  specific  antigens,  other  than 
FI,  of  the  plague  bacillus.  These  tests  are  especially  desirable 
to  detect  disease  resulting  from  Infections  with  Y.  pestls  of 
phenotype  Fl“,  V/W^,  P"*”,  PCF^,  occasionally  found  In  chronic 
Infections  (see  above).  The  ELISA  technique  was  selected  for 
evaluation  as  representing  a  system  readily  applicable  to  the 
study  of  both  a  multiplicity  of  antigen-antibody  reactions  and 
several  other  problem  areas  of  routine  plague  serology. 
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Exploratory  studies  were  conducted  using  the  methodology 
of  Ruitenberg  ^  (11).  Various  plague  antisera  prepared  in 

rabbits  and  albino  Rattus  norveglcus  and  several  clinical 
specimens  of  acute  and  convalescent  sera  obtained  from  either 
plague  patients  or  their  contacts  were  tested  in  special  ELISA 
plates  (Microbiological  Associates,  Bethesda,  Md.)  coated  with 
FI  antigen  (WRAIR  Lot  4A) .  Horseradish  peroxidase  conjugated 
antibody  antigen  reactions  were  detected  with  5-amlno  salycylic 
acid:  horseradish  conjugated  anti-rabbit  IgG  and  anti-human  IgG 
and  IgM  antisera  were  prepared  in  goats;  anti-rat  IgG  was  pre¬ 
pared  in  rabbits;  all  were  purchased  from  Miles  Laboratories. 
Enzymatic  activity  was  measured  in  a  spectrophotometer  at  455  mp. 
Endpoints  of  the  titration  were  derived  by  comparing  the  results 
obtained  in  the  test  series  per  se  with  those  of  normal  serum 
"background"  controls  and  with  those  obtained  by  testing 
individual  sera  in  an  additional  control  titration  free  of  FI 
antigen. 

Initial  checkerboard  titrations  showed  the  optimum  concen¬ 
tration  of  FI  for  coating  to  be  10  pg/ml.  Use  of  the  purified 
FI  antigen  and  the  horseradish  peroxidase  conjugate  provided  a 
remarkably  clean  and  reproducible  test  with  all  antisera  tested. 
The  slopes  of  all  reactions  were  directly  linear  showing  a 
definite  effect  of  careful  dilution  of  antibody  regardless  of 
animal  species  tested.  Further,  although  the  results  of  tests 
in  this  study  were  read  in  a  spectrophotometer,  the  stronger 
titers  could  be  easily  read  with  the  naked  eye. 

Indirect  hemagglutination  tests  were  conducted  on  the  various 
sera  in-tandem  with  ELISA  tests.  These  results  indicated  that 
the  two  tests  were  in  good  agreement  as  to  ability  to  test  the 
presence  or  absence  of  FI  antibody  although  the  ELISA  test  was, 
in  some  Instances,  more  sensitive  than  the  IHA  tests  as  per¬ 
formed  and  interpreted  in  this  laboratory  (Table  6). 

Some  11  pairs  of  acute  and  convalescent  sera  obtained  from 
bacterlologlcally  confirmed  cases  of  bubonic  plague  were  avail¬ 
able.  Unfortunately,  data  on  disease  onset  and  on  which  dates 
the  sera  were  drawn  were  not  provided  with  the  specimens.  These 
paired  sera  were,  however,  tested  in  the  ELISA  system  to  detect 
either  IgG  or  IgM.  The  results  (Table  7)  showed  that  both  IHA 
and  ELISA  tests  are  adequate  for  the  detection  of  FI  antibody, 
although,  as  stated  above,  the  ELISA  test  was  both  more  sensitive 
and,  perhaps  more  effective  in  detecting  antibody  in  the  acute 
specimen.  Also,  the  El, ISA  method  was  capable  of  conveniently 
demonstrating  the  presence  of  IgM.  Unfortunately,  the  data  did 
not  permit  an  estimate  of  the  time-frame  involved  in  the 
appearance  or  disappearance  of  IgM.  In  another  series  of  sera 
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Table  7.  Titers  of  FI  antibody  is  acute  and  convalescent  sera  collected  from 
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collected  from  15  patient  contat;ts  In  ar  nnroven  (although 
highly  probable)  outbreak  of  plague  pneu.  .ila  f'l  antibody 
(IHA  1:32  :  IgG  1:598  :  IgM  1:135)  was  demonstrated  In  one 
specimen) . 

Although  the  true  usefulness  of  the  ELISA  technique  awaits 
further  evaluation.  Initial  results  are  encouraging.  With  the 
relative  purity  of  Y.  pestls  antigens  available,  i.e.,  FI,  murine 
toxin,  L,  V/W,  and  the  general  eabe  and  reproduclLlllty  afforded 
by  the  test  system,  the  ELISA  tests  should  be  of  extreme  value 
In  the  laboratory  and  In  the  field. 

V.  Bacteriological  studies. 

In  collaboration  with  the  Plague  Branch,  CDC,  USPHS,  18  strains 
of  ]f.  pestls  Isolated  from  plague  cases  occurring  In  the  United 
States  In  1977  were  examined  for  virulence  determinants  and 
antibiotic  susceptibilities.  Without  exception,  these  strains 
of  pestls  possessed  all  the  virulence  determinants  charact¬ 
eristic  of  classical  plague  bacilli  and  were  completely  sus¬ 
ceptible  to  streptomycin  and  tetracycline. 

VI.  Plague  bacteriophages. 

Studies  on  plague  bacteriophages  have  been  expanded  to 
Include  the  rough  specific  bacteriophages  of  the  Enterobact- 
erlacae  (Annual  Report,  WRAIR,  1977).  Three  of  these  bacter¬ 
iophages  Br2,  6SR  and  BR60  tested  on  Y.  pestls  lysed  all  strains 
tested  at  19C  and  22C;  demonstrated  some  lysis  at  28C  and  none 
at  37C.  Phage  Ffm  only  lysed  Y.  pestls  strain  DFl  (F1~VW^P^PCF^) 
and  this  lysis  occurred  only  after  5  days  Incubation  at  19C  and 
22C.  Phage  Ffm  propagated  In  Y.  pestls  DFl  or  freshly  propagated 
In  Salmonella  typhlmurlum,  lysed  all  strains  of  Y.  pestls  tested. 
However,  when  propagated  in  the  non-encapsulated  virulent 
Y.  pestls  strain  M23  at  25C,  the  resulting  phage  appeared  to 
distinguish  pigmented  from  non-plgmented  pestls .  Lysis  of 
pigmented  strains  was  not  observed  at  any  temperature  after 
18  hr  Incubation.  Lysis  of  non-plgmented  strains,  however,  was 
always  observed.  Rough  phages  ES18  and  C21,  have  not,  as  yet, 
demonstrated  any  effects  on  Y.  pestls .  Studies  on  these  phages 
are  being  continued,  however,  in  the  hope  that  by  manipulations 
of  host,  plaque  selection  and  propagation  temperature,  systems 
to  detect  various  virulence  factors  of  the  plague  bacillus  much 
more  rapidly  than  is  currently  possible  may  be  developed. 
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23  (U)  The  objective  of  this  work  unit  is  to  elucidate  the  mechanisms  operative  in  the 
natural  and  artificial  induction  of  immunity  to  a  variety  of  microbial  infections  of 
military  importance.  This  includes  the  study  of  infections  in  model  systems  and  the 
development  of  methodologies  for  the  study  of  the  immune  reaction  in  humans  for  re¬ 
search  as  well  as  diagnostic  evaluations. 

24  (U)  The  approaches  used  for  these  studies  involve  the  measurement  or  various  para¬ 
meters  of  disease  and  of  the  immune  response  to  disease  in  both  in  vivo  'nd  in  vitro 
experiments.  A  variety  of  diseases  are  attacked.  Iitinunological  phenomena  common  to  a 
variety  of  different  diseases  are  also  studied. 

25  (U)  77  10-73  09  The  chemotherapy  of  leishmaniasis  has  been  shown  to  be  markedly  en¬ 
hanced  through  the  use  of  liposomes  as  drug  carriers.  In  this  system  glucantime,  a 
lipid  soluble  agent,  is  incorporated  into  liposomes  injected  into  animals  with  leish¬ 
maniasis.  The  liposomes  are  cleared  selectively  from  theblood  by  macrophages,  the  cell 
which  also  contain  the  leishmania  parasites.  The  phagocytized  liposomes  are  thus 
delivered  to  the  leishmania.  This  delivery  of  drug  to  parasites  in  concentrated  form 
allows  cure  of  leishmaniasis  with  a  several  hundred  fold  lower  dose  of  the  drug  than 
when  liposomes  are  not  used.  In  another  area,  immunochemical  studies  of  African  try¬ 
panosome  antigens  have  revealed  that  some  methods  currently  employed  for  isolation  may 
result  in  cleavage  of  the  antigen,  presumably  through  proteolytic  enzymes.  Methods 
developed  in  this  laboratory  result  in  less  serious  degradation.  For  technical  report 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  1977  -  30  Sep 
1978. 
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1.  Impact  of  lipid  A  from  endotoxin  on  endothelium. 

An  intact  physiologic  endothelium  is  the  first  line  of 
defense  against  noxious  agents  and  conditions  that  may 
promote  vessel  wall  damage.  Bacterial  endotoxins  are 
substances  reported,  although  inconsistently  to  produce 
vascular  lesions.  According  to  our  SEM  study,  lipid  A, 
the  biologically  active  form  of  endotoxin,  has  direct 
influence  on  endothelial  cells.  Lipid  A,  0. 00  5  to  1. 0  pg/ 
ml  Dulbecco's  phosphate  buffered  saline,  was  perfused 
in  the  fresh  human  umbilical  vein  model.  Companion 
controls  from  the  same  umbilical  cord  were  run  con¬ 
currently.  The  thromboresistive  or  thrombogenic 
capabilities  of  the  intact  vessel  wall  components  were 
tested  by  per'’using  washed  apyrase  treated  autologous 
platelets.  Lipid  A,  from  Shigella  flexnerj,  elicited 
endothelial  cell  injury,  the  quality  and  magnitude  of 
which  was  concentration  dependent  and  seemed  more 
extreme  in  the  presence  of  platelet  poor  plasma.  Signs 
of  endothelial  cell  stress  ranged  from  (1)  increased 
microvillus  activity  through  broad  bleb  formation  to 
minute  membrane  lesions  and  (2)  from  tiny  gaps  in  cell 
border  junctions  to  partial  or  complete  detachment 
from  subendothelium.  The  amount  of  exposed  subendo¬ 
thelium  was  quantified  by  morphometry.  In  contrast  to 
normal  endothelium,  lipid  A  injured  endothelium  was 
thrombogenic  (attractive  for  platelet  adhesion).  Subendo¬ 
thelium  exposed  by  endothelial  cell  detachment  permitted 
platelet  adhesion  and  various  degrees  of  activation.  We 
conclude  that  isolated  lipid  A  of  bacterial  endotoxin  is 
competent  alone  to  provoke  vascular  injury  that  may 
lead  to  thrombotic  or  other  sequalae. 
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2.  Interactions  of  C-r>  aeuvc  ])roU-'in  and  c  uniplenrient  with 

Uposomes 

Interactions  between  C-reactive  jjrotein  (CRP)  and  liposomal 
model  membranes  containing  (ihosphatidylchoine  were  investiga¬ 
ted.  These  interactions,  in  the  presence  of  human  serum,  re¬ 
sulted  in  consumption  of  each  of  the  components  of  the  classical 
complement  pathway  (C1-C9)  and  also  resulted  in  complement- 
dependent  damage  and  release  of  trapped  glucose  from  certain 
types  of  liposomes.  CUP -initiated  lysis  of  liposomes  was  strongly 
dependent  upon  membrane  lipid  compositon.  Optimal  activity 
occurred  with  positively  charged  liposomes  containing  galactosyl- 
ceramide  (galactocerebrosidc);  positively  charged  liposomes  lacking 
galactocerebroside  released  inu(;h  less  glucose,  while  negatively 
charged  liposomes,  either  with  or  without  galactocerebroside,  did 
not  release  glucose  at  all.  Glucose  release  was  inhibited  by  free 
phosphocholine.  Lesser,  but  significant,  "background"  glucose 
release  independent  of  the  presence  of  CUP  also  was  observed  with 
positively  chai'ged  liposomes  containing  galactocerebroside,  and 
this  was  associated  with  marked  pred'erential  consumption  of  the 
later-acting  complement  components  (C  j-CSl).  C2-deficient  human 
serum  failed  to  support  tdlP-dependent  gluc:ose  release,  but  glucose 
release  was  observed  upon  reconstitution  was  observed  upon  recon¬ 
stitution  of  the  serum  with  C2.  Guinea  pig  complement  also  did  not 
support  CUP -mediated  glucose  release,  but  upon  addition  of  human 
Clq  substantial  glucose  release  was  observed.  We  conclude  that  (1) 
CUP  can  sensitize  apjiropriate  liposomes  for  complement-dependent 
damage  via  the  primary  complement  jiathway  starting  at  the  level 
of  Clq;  (11)  of  those  studied,  liposomes  that  are  most  susceptible 
to  membrane  damage  contain  phosphatidylcdioline,  have  a  positive 
charge,  and  contains  a  ceramide  glycolipid;  and  (111)  suc;h  liposomes 
also  are  sensitive,  although  to  a  mach  lesser  degree,  to  comple¬ 
ment-dependent  lysis  initiated  in  the  absence  of  CUP  and  involving 
consumption  of  terminal  in  excess  of  (;ariy  acting  complement 
components . 

3 .  Therapy  of  leishmaniasis:  Superior  efficacies  ol  liposome- 

encapsulated  dru'gs. 

Laposomes  containing  antimomal  c^ornpounds  trapped  in  the 
aqueous  phase  were  tested  in  the  treatment  ol  experimental 
leishmaniasis,  d’he  rationale  of  this  approach  is  based  on  the 
hyijothcsis  that  the  liposomes  and  the  parasite  are  taken  up  by  the 
same  cell,  the  reticuloiuidothelial  cell,  and  we  present  electron 
microscopic  evidence  that  .support.s  this  hyjiothesis.  Suppression 
of  leishmaniasis  was  quantified  by  determining  the  total  number 
of  parasites  per  liver  from  impression  smears.  Wnen  two 


antimonials,  meglumine  antimoniate  and  sodium  stibogluconate, 
were  encapsulated  within  liposomes,  each  was  more  than  700 
times  more  active  compared  to  either  of  the  free  (unencapsu¬ 
lated)  drugs  (Fig.  1).  After  infection,  if  untreated,  all  of  the 
hamsters  eventually  would  die  from  the  disease.  Liposome- 
encapsulated  meglumine  antimoniate  was  about  330-640  times 
more  effective  in  causing  a  drop  in  the  death  rate  than  was  the 
free  antimonial.  The  efficacy  of  treatment  was  influenced  by 
the  lipid  composition  and  charge  of  the  liposomes.  For 
example,  positively  charged  liposomes  containing  egg  phospha¬ 
tidylcholine  were  much  less  effective  than  negatively  charged 
ones.  In  contrast,  positively  and  negatively  charged  sphingo¬ 
myelin  liposomes  were  equally  effective.  Liposomes  con¬ 
taining  phosphatidylserine  (which  were  negatively  charged, 
but  also  had  a  much  higher  charge  density)  were  among  the 
less-effective  preparations.  Among  those  tested,  the  most 
consistently  efficacious  liposomes  contained  highly  saturated 
long-chain  phospholipids  (e.g.  ,  dipalmitoyl  phosphatidylcho¬ 
line),  cholesterol,  and  a  negative  charge. 

We  conclude  that  liposomes  may  be  useful  as  carriers  of 
drugs  to  treat  infectious  disease  involving  the  reticuloendothe¬ 
lial  system.  The  toxicities  of  antimony  are  very  similar  to 
those  of  arsenic.  Encapsulation  of  antimonial  drugs  and  re¬ 
duction  of  the  dose  required  for  effective  therapy  should 
minimize  such  systemic  toxicities  as  acute  cardiomyopathy 
and  toxic  nephritis. 


ANTIMONY  INJECTED  (mg/kg) 

Fig.  1.  Suppression  of  Leishmania  by  liposomes  encapsulated 
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antimonials.  Liposomes  consisted  of  DMPC /Chol/DCP  (molar 
ratio,  2/1.5/0.22).  Treatment  of  the  hamsters  (11  animals  for 
each  point)  was  begun  17  days  after  infection  and  one-fourth  of 
the  indicated  doses  were  injected  intracardially  daily  for  4 
days.  The  surviving  animals  were  sacrificed  32  days  after  start 
of  therapy.  Control  groups  also  were  injected  with  equivalent 
volumes  of  liposomes  swollen  in  0.15  M  NaCl.  •  Liposomes 
containing  meglumine  antimouiate;  o  ,  liposomes  containing 
sodium  stibogluconate;  A  ,  meglumine  antimoniate 
alone;  A,  sodium  stibogluconate  alone. 


4.  Investigation  of  Immunologic  Imbalance  in  Atopic 
Dermatitis. 

A.  Objective.  The  purpose  of  this  study  is  to  determine 
the  presence  of  a  possible  immunologic  imbalance  in  atopic 
dermatitis,  par  ticularly  in  regard  to  suppressor  T-cell 
function.  Hopefully,  thjs  stiuly  will  provide  a  rational  modifi- 
fication  of  present  day  therapy  in  addition  to  providing  valuable 
insight  into  basic  immunologic  mechanisms. 

B.  Description:  Atopic  dermatitis  is  a  common,  incapaci¬ 
tating,  dermatological  condition,  but  its  cause  remains  obscure. 
Infection,  immunological  dysfunction  as  well  as  hereditary, 
emotional  stress,  B-adr  energic  blockage  and  environment  have 
all  been  implicated.  In  recent  years,  considrable  attention  has 
been  focused  on  the  immunological  abnormalities  associated  with 
atopic  dermatitis.  Atopic  dermatitis  occurs  commonly 
in  certain  immunological  deficiency  diseases  such  as  sex  linked 
agammaglobulnemia,  ataxia  telangiectasia,  and  Wiskott  Aldrich 
syndrome.  In  addition,  a  number  of  clinical  observation  have 
been  made,  which  when  considered  as  a  group,  suggest  a 
possible  derangement  of  cell  mediated  immunity.  Impaired 
cellular  immunity  is  also  suggested  by  certain  in  vitro  studies. 
There  have  been  several  reports  of  decreased  numFer  of  cir¬ 
culating  T-cells  as  well  as  reports  of  decreased  lymphocyte 
transformation  with  various  polyclonal  mitogens.  It  has  been 
demonstrated  in  experimental  animals  that  a  certain  subpopula¬ 
tion  of  T-cells  (suppressor  'J  -cells)  modulates  B-cell  function 
(antibody  production)  particulary  in  regard  to  IgE.  It  is  not 
known  whether  there  is  a  similar  subpopulation  of  T-cells 
in  man  which  serve  a  similar  regulatory  function  over  IgE 
antibody.  Most  patients  with  atopic  dermatitis  usually 
have  increased  serum  IgE  levels,  the  degree  of  elevation 
corresponding  roughly  to  the  extent  and  severity  of  the  skin 
disease.  The  purpose  of  this  study  is  to  determine  if  a  similar 
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subpopulation  of  T-cells  acts  in  a  regulatory  function  over  IgE 
antibody  production  in  man.  Rabbit  suiti  ox  erythrocytes  (ox 
RBC)  serum  pool  was  concentrated  with  ammonium  sulfate 
prior  to  chromatographic  separation  on  DE-52,  equilibrated 
with  O.IM  TRIS,  pH  7.9  for  the  preparation  of  IgG  anti  ox  RBC. 
The  breadcthrough  peak,  representing  pure  IgG,  was  pooled  and 
concentrated.  Although  the  material  represented  onJ.y  15%  of 
of  the  total  globulin  added  to  the  column,  it  contained  no  IgM. 


A  second  pool  of  rabbit  anti  ox  RBC  serum,  treated,  in  a 
similar  manner,  was  separated  on  G-200  Sephadex  equilibrated 
with  0.05M  TRIS,  pH  8.0  for  the  isolation  of  IgM  anti  ox  RBC 
reagent.  Only  the  ascending  portions  of  the  macroglobulin  peak 
were  pooled  and  concentrated.  This  material  represented 
approximately  5%  of  the  protein  added  to  the  column  and  was 
found  to  be  monospecific. 


T-cells  were  purified  (isolated)  by  treating  a  mononuclear  cell- 
rich  population  wi'ii  sheep  erythrocytes  and  centrifugation  of  the 
resulting  rosetted  cells  over  ficoll-hypaque  gradient.  The 
pelleted  T-cells,  free  of  erythrocytes  by  hypotonic  lysis,  were 
then  examined  for  Fc  receptors  of  IgG  eind  IgM  using  a  resetting 
technique  with  IgM  anti  ox  RBC  or  IgG  anti  ox  RBC  complexes 
(ox  RBC  coated  with  specific  antibody). 


Progress: 

Of  crucial  importance  in  studies  involving  separation  sub¬ 
population  of  T-cells  is  the  purity  of  the  reagents.  The  purity 
of  the  IgM  and  IgG  anti  ox  RBC  sera  was  tested  by  Ouchterlony 
and  immuno-electrophoresis  using  many  different  preparations 
of  polyclonal  and  monoclonal  anti  rabbit  immunoglobulins. 

The  IgG  preparation  contained  no  IgM  material  and  the  IgM  pre¬ 
paration  contained  no  IgG  material.  An  additional  criterion  for 
the  purity  of  IgM  anti  ox  RBC  was  its  susceptibility  to  2  mercapto- 
ethanol  (2ME).  The  data  from  microtiter  hemagglutination  assay 
with  enzyme  treated  on  RBC  showed  IgM  anti  ox  RBC,  prior  to 
treatment  with  2  ME,  had  a  titer  of  1/2560;  whereas,  after  2  ME 
teatment  the  titer  was  less  than  1/20.  This  represents  at  least  a 
99%  decrease  in  agglutination,  which  clearly  demonstrates  the 
purity  of  the  IgM  preparation. 


Once  the  purity  and  optimal  concentration  of  the  reagents 
were  established,  it  was  possible  to  determine  if  there  was 
indeed  a  correlation  between  T -cells  and  serum  IgE  levels 
and  more  importantly  what  subpopulation  of  T-cells  are 
involved.  Two  groups  were  compared,  based  primarily  on 
the  level  of  serum  IgE.  Normal  individuals  with  serum  IgE 
levels  of  less  than  500  l.U.  /ml  were  matched  by  age,  sex 
and  race  with  atopic  dermatitis  patients  with  serum  IgE 
levels  greater  than  1000  I.  U.  /ml.  Table  1  lists  the  percen¬ 
tage  of  T-cells  population  with  receptors  for  Fc  of  IgG  (TG) 
and  IgM  (TM).  There  is  little  or  no  difference  between  the 
percentage  of  TM  subpopulation  of  normal  individuals  and 
atopic  dermatitis  patients.  In  contrast,  there  is  a  significant 
difference  between  the  percentage  of  TG  subpopulation  of  nor¬ 
mal  individual  and  atopic  dermatitis  patients.  Of  the  seven 
patients  tested,  only  one  had  the  normal  percentage  of  TG 
cells,  while  the  remainding  six  showed  at  least  a  70%  de¬ 
crease  in  TG  cells. 

Discussion: 

The  preliminary  results  clearly  demonstrate  a  decrease 
in  the  percentage  of  TG  cells  in  patients  with  atopic  derma¬ 
titis  in  contrast  to  normal  individuals  although  the  data 
suggest  a  correlation  between  high  serum  IgE  levels  and 
decreased  number  of  TG  cells,  the  data  is  not  conclusive. 
Further  experiments  are  planned  to  include  additional  con¬ 
trols  -  atopic  individuals  with  elevated  serum  IgE  with  no 
evidence  of  dermatitis  and  patients  with  chronic  dermatitis 
other  than  atopic  dermatitis  with  low  levels  of  serum  IgE. 


PERCENTAGE  OF  T-CELL  POPULATION  WITH  RECEPTORS  FOR  Fc 
PORTION  OF  IgG  (TG)  AND  IgM  (TM). 
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3  (U)  To  define  the  epidemiology  of  hepatitis  In  military  populations  In  order  to 
stabllsh  methods  for  reducing  disability  from  hepatitis.  Emphasis  Is  on  developing 
nd  applying  sensitive  and  specific  methods  for  detection  of  hepatitis  viruses  -  anti- 
ens  and  antibodies  to  determine  host  factors  important  In  resistance  to  disease  and 
nfectlon  In  military  personnel. 

A  (U)  New  methods  for  Identification  and  antigenic  analysis  of  hepatitis  viruses  are 
nder  development.  The  Immune  response  of  patients  infected  with  hepatitis  viruses 
s  studied  to  define  sensitive  parameters  of  Infection  and  to  define  factors  critical 
n  immunity.  The  epidemiology  of  hepatitis  B  in  military  populations  Is  defined. 

5  (U)  77  10  -  78  09  A  sensitive  and  specific  ralerotlter  solid  phase  radioimmunoassay 
RIA)  for  hepatitis  A  antigen  (HAV)  and  antibody  to  HAV  (anti-HAV)  was  developed  utl- 
izlng  antigen  from  stool  of  humans  previously  Infected  with  the  MS-1  strain  of  HAV 
nJ  limiuiie  sera  collected  In  Alaska  in  FY  77.  Two  chimpanzees  were  Infected  with  HAV 
nd  have  provided  additional  antigen  and  antibody.  The  RIA  for  antl-HAV  was  used  to 
rovlde  specific,  serodlagnosls  during  an  outbreak  of  hepatitis  at  Schofield  Barracks, 
awall  in  June.  Commercial  lots  of  Immune  serum  globulin  were  found  to  have  titers  of 
ntl-HAV  of  1/1000  -  1.3000.  The  specificity  of  an  assay  for  antibody  to  hepatitis  B 
ore  antigen  was  improved  by  partial  purification  of  the  antigen.  The  antiviral  drugs 
Ibovlrln  and  adenine  arablnoslde  were  found  Ineffective  In  arresting  hepatitis  B 
urfacc  antigen  production  ^  vitro  by  a  human  hepatoma  cell  line.  The  frequency  of 
epatltls  A,  B  and  other  viruses  causing  hepatitis  in  military  personnel  will  be  deter 
Ined.  For  technical  report,  see  Walter  Reed  Army  Institute  of  Research  Annual  Pro- 
ress  Report,  1  Oct  77  -  30  Sep  78. 
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Description 

To  define  the  epidemiology  of  hepatitis  in  military 
populations  in  order  to  establish  methods  for  reducing  dis¬ 
ability  from  hepatitis.  Emphasis  is  on  developing  and  applying 
sensitive  and  specific  methods  for  detection  of  hepatitis 
viruses /antigens  and  antibody  to  determine  host  factors 
important  in  resistance  to  disease  and  infection. 


Progress 

I.  Hepatitis  A  virus  (HAV). 

A  specific  and  sensitive  radioimmunoassay  for  the  detection 
of  either  HAV  or  antibody  to  HAV  (anti-HAV)  has  been  developed. 

A  large  amount  of  HAV  antigen,  for  use  in  the  radioimmunoassay, 
has  been  produced  in  chimpanzees.  The  radioimmunoassay  has 
been  successfully  applied  to  a  recent  outbreak  of  hepatitis 
type  A  among  troops  at  Gchofield  Barracks,  Hawaii. 

A.  Development  of  a  solid  phase  radioimmunoassay  for  HAV 
and  anti-HAV  antibodies. 

1.  Background 

Several  different  techniques  have  been  described  for  the 
detection  of  HAV  and  anti-HAV,  including  complement  fixation, 
immune  electron  microscopy,  immune  adherence  hemagglutination 
and  solid  phase  radioimmunoassay  (SPRIA).  SPRIA  and  immune 
electron  microscopy  methods  both  offer  a  high  degree  of 
sensitivity  as  well  as  the  ability  to  detect  both  IgM  and  IgG 
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classes  of  anti-HAV.  Immune  electron  microscopy,  however,  is 
cumbersome  and  not  suited  to  the  study  of  large  numbers  of 
specimens.  While  the  immune  adherence  hemagglutination  assay 
is  perhaps  more  sensitive  than  the  radioimmunoassay  in  the 
detection  of  IgG  anti-HAV,  it  fails  to  detect  IgM  antibody. 

The  complement  fixation  assay  is  both  insensitive  and  wasteful 
of  reagents.  For  these  reasons,  SPRIA  was  chosen  as  the  method  for 
detection  of  HAV  and  serodiagnosis  of  hepatitis  type  A. 

The  radioimmunoassay  is  based  largely  on  a  previously 
reported  enzyme- linked  immunosorbant  assay  (ELISA)  for  hepatitis 
A  (Mathiesen  et  al.,  1978),  but  incorporates  several  important 
modifications,  At  present,  the  ELISA  test  offers  no  advantage 
over  the  radioimmunoassay,  given  the  availability  of  gamma- 
radiation  counting  equipment.  In  the  future,  however,  the 
development  of  automated  ELISA  plate  readers  may  make  conversion 
to  an  ELISA  test  advantageous.  Such  a  conversion  of  methodology 
should  be  relatively  simple. 

The  radioimmunoassay  is  carried  out  in  96  well  microtiter 
plates  and  consists  of  a  "sandwich"  reaction  (plate-anti body- 
antigen- ^^^I-antibody).  Specificity  of  the  reaction  is 
determined  by  competitive  inhibition  of  radiolabelled  '^^I-anti- 
body  with  non-label  led  anti-HAV. 

2.  Materials 

a.  anti-HAV  antibody 

1)  Plasma  collected  in  1976  during  an  outbreak 
of  type  A  hepatitis  at  Ft.  Richardson,  Alaska  was  used  both  to 
coat  the  microtiter  plates  and  as  a  source  of  l^^I-label led 
antibody.  These  plasma  units  were  described  in  the  FY  77 
annual  report. 

2)  Immune  plasma  was  also  obtained  from  2 
chimpanzees  infected  with  hepatitis  A  (see  Section  I.B  below). 

3)  An  attempt  was  made  to  recover  some  of  the 
HAV-immune  plasma  collected  under  U.S.  Army  contract  during  the 
Joliet  prison  studies  conducted  almost  a  decade  ago  (Boggs  et  al . , 
1970).  Publications  and  records  of  the  Joliet  study  were 
reviewed,  and  a  schematic  diagram  of  the  study  was  constructed 
(Figure  1).  A  roster  of  material  held  by  Dr.  J.D.  Boggs, 
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Children’s  Memorial  Hospital,  Chicago,  Illinois,  was  reviewed, 
and  certain  units  of  plasma  Identified.  Dr.  Boggs  was  visited 
in  Chicago,  and  has  promised  to  provide  most  of  these  plasma 
units.  To  date,  however,  none  has  been  received. 

4)  Small  quantities  of  paired  pre-  and  post¬ 
infection  homologous  sera,  previously  collected  under  US  Army 
contract,  were  obtained  from  Dr.  S.  Krugman  of  New  York 
University.  Additionally,  paired  sera  became  available  with  the 
successful  infection  of  two  chimpanzees  (see  below).  NIH 
reference  reagents  V811-801-573  (preinfection  chimp)  and  V811- 
501-573  (post-infection  chimp)  were  also  used. 

5)  Whole  plasma  diluted  in  carbonate  buffer 
pH  9.0  was  used  to  coat  the  microtiter  plates  as  described 
below.  For  radioiodination,  IqG  was  purified  by  ammonium  sulfate 
precipitation  followed  by  anion  exchange  chromatography  with 
Sephadex  A25.  lodination  was  carried  out  by  the  chloramine-T 
method,  and  1 25 1. anti  body  was  stored  at  40C  in  25“/.f£tal  bovine 
serum.  Optimum  combinations  of  coat  antibody  and  l25_j  antibody 
were  determined  by  cross  comparisons  as  shown  in  Table  1. 

b.  HAV  antigen 

1)  Stool  collected  from  one  individual  (FJ-1-2) 
during  the  Joliet  study  and  shown  by  other  investigators  to 
contain  HAV  (Mathiesen  et  a?.,  1978)  was  initially  used  as  a 
source  of  antigen.  StooTs'TFigure  1)  collected  on  day  33 
(FJ-1-2-5)  and  on  day  35  (FJ-1-2-19)  after  infection  are 
HAV-positi ve,  and  have  been  proven  infectious  for  chimpanzees 
(see  below),  while  stool  collected  prior  to  infection  (FJ-1-2-8) 
served  as  an  antigen-negative  control. 

2)  Antigen  was  also  prepared  from  chimpanzee 
stool  following  the  successful  infection  of  two  chimpanzees  as 
described  below. 


3)  A  crude  stool  extract  was  prepared  as 
follows.  Stool  was  diluted  20%  w/v  in  PBS  with  0.1%  sodium 
azide  pH  7.4,  and  shaken  vigorously  with  glass  beads.  Very 
hard  stools  were  allowed  to  soften  c/ernight  at  40.  Following 
a  low  speed  centrifugation,  supernatant  fluid  was  decanted  and 
the  pellet  re-extracted  with  an  equal  volume  of  PBS.  The 
supernatant  fluids  from  the  two  extractions  were  pooled.  This 
10%  fecal  extract  was  clarified  by  high  speed  centrifugation. 
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FIGURE  1.  Schematic  diagram  of  human  infection  studies  with  HAV 
derived  from  MS-1  strain  of  Dr.  Kruqman.  An  infectious  serum 
pool  was  given  orally  to  ten  volunteers,  three  developed  clinical 
hepatitis.  Plasma  collected  28  days  after  infection  of  one  of 
these  volunteers  (FJ-1-2)  did  not  infect  any  of  ten  additional 
volunteer  recipients,  whereas  30-day  plasma  from  a  second  volun¬ 
teer  (FJ-1-3)  infected  5  of  10  recipients.  Serial  stool  speci¬ 
mens  from  all  8  cases  of  hepatitis  are  currently  stored  at 
WRAIR;  stool  used  to  infect  the  chimpanzees  described  in  section 
B  of  this  report  came  from  patient  FJ-1-2.  Stool  FJ-1-2-5  was 
collected  33  days  after  infection,  and  stool  FJ-1-2-19  was 
collected  35  days  after  infection.  Plasma  is  held  by  Dr.  J.D. 
Boggs,  Chicago. 


(12000  X  G  for  30  min),  and  stored  at  -70°  until  use. 


3.  Radioimmunoassay  procedure 

The  final  procedure  adopted  is  outlined  in  Table  2. 

a.  Antibody  coat  and  antibody  selection 

Based  on  the  P/N  results  expressed  in  Table  1,  the 
homologous  combination  AK003  (coat  anti  body )/AK003 
antibody)  was  chosen  for  determination  of  anti-HAV  antibody,  while 
the  heterologous  (and  therefore  possibly  more  specific)  AK005/ 
AK003  combination  was  chosen  for  antigen  detection. 

b.  Test  controls  and  test  interpretation 

A  combination  of  controls  are  included  on  each  SPRIA 
microtiter  plate  to  assess  the  specificity  of  the  reaction  and 
the  degree  of  sensitivity  of  antibody  detection.  Plates  set 
up  to  test  for  antibody  include  the  following  controls: 

1)  Both  negative  and  positive  antigen  preparations 
are  tested  on  each  plate  in  the  absence  of  any  blocking  antisera. 

A  P/N  ratio  of  2.1  or  greater  indicates  a  positive  reaction. 

2)  To  assess  specificity  of  the  reaction, 
positive  stool  is  blocked  with  a  panel  of  four  anti-HAV 
negative  sera  (diluted  10"2  in  PBS-pH  7.4)  as  well  as  anti-HAV 
positive  sera.  A  50?.  reduction  in  radioactivity  bound  in  wells 
blocked  with  positive  sera  compared  with  wells  blocked  with 
negative  sera  indicates  a  specific  reaction, 

3)  Positive  stool  is  also  blocked  with  a 
dilution  series  of  anti-HAV  positive  serum  (diluted  10-2  to 
10"^  and  adjusted  to  a  constant  serum  concentration  of  10-2 
with  pooled  anti-HAV  negative  serum).  To  retain  comparability 
between  wells  it  is  essential  to  maintain  the  total  blocking 
antisera  concentration  at  10"2  as  a  certain  degree  of  non¬ 
specific  protein  blocking  occurs.  The  greatest  dilution  of 
positive  serum  which  still  results  in  a  50?  reduction  in 
radioactivity  bound  indicates  the  sensitivity  of  the  test  in 
the  detection  of  antibody. 

Results  from  a  typical  SPRIA  plate  are  shown  in  Table  3. 

For  plates  designed  for  antigen  detection,  a  modified  set  of 
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Table  1.  P/N*  Ratio  Obtained  Using  Different  Combinations 
of  Sera  for  "Coat  Antibody"  and  "^^^I-Antibody" 


Coat  Antibody 


AK005 

AK019 

AK003 

AK059 

CH267 

CH173 

AK005 

3.7 

2.8 

3.8 

4.1 

2.9 

1.8 

AK019 

2.2 

2.6 

3.6 

3.5 

2.6 

3.3 

AK003 

5.0 

3.2 

4.8 

4.0 

3.0 

3.4 

AK059 

4.3 

2.4 

3.4 

2.5 

1.8 

3.4 

*P/N  ratio  represents  cpm  bound  by  wells  containing  antigen¬ 
positive  stool  divided  by  cpm  bound  by  wells  containing 
antigen-negative  stool.  Six  different  plasmas  were  used  as 
coating  antibody  in  combination  with  4  different  radioiodi- 
nated  antibody  preparations. 


Table  2.  Procedure  for  Radioimmunoassay  for  Hepatitis  A 
Virus 


1.  Wash  flexible  microtiter  "U"  plates  5x  in  running  water, 
tap  dry. 

2.  Deliver  lOOx  of  immume  serum  diluted  10"^  in  pH  9.0 
carbonate  buffer  to  each  well,  and  let  sit  4  hours  at 
room  temperature.  Wash  plate  3x  with  PBS-tween  20  0.5%. 
Allow  5  minutes  between  washes. 

3.  Fill  wells  with  bovine  serum  albumin  IX  in  PBS  pH  7.4, 
and  place  at  4°C  overnight.  Wash  3x  with  PBS-tween  20. 

4.  Deliver  20a  of  antigen  (5-lOX  clarified  stool  extract) 
and  place  at  4^0  for  18-24  hours.  Wash  3x  with  PBS-tween 
20. 

5.  Within  15  minutes  of  PBS-tween  20  wash,  deliver  20A 

of  blocking  (test)  antisera,  diluted  10*^  in  PBS  pH  7.4, 
to  each  well.  Let  sit  15  minutes  at  room  temperature. 

6.  Add  20a  of  ^^^I-Antibody  (  -200,000  cpm/20A  )  to  each  well. 
Leave  at  room  temperature  2  hours,  then  wash  5x  with 
PBS-tween  20.  Cut  out  wells  and  count  in  a  gamma 
counter. 
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controls  is  included.  Negative  and  positive  stools  are  compared 
as  above  in  the  absence  of  blocking  antisera,  and  a  known 
positive  stool  is  tested  when  blocked  by  homologous  pre-  and 
post-infection  chimpanzee  plasma  specimens.  Stool  specimens 
being  tested  for  antigen  are  blocked  by  the  same  homologous 
plasma  pair,  and  results  are  interpreted  as  above.  Results 
from  a  typical  plate  designed  for  antigen  detection  are  shown 
in  Table  4. 

1.25%  stool  extracts  still  possessed  detectable  antigen 
(Figure  2),  but  generally  5%  to  10%  stool  extracts  generated 
a  higher  P/N  ratio  and  greater  absolute  radioactivity  bound. 
Antigen  preparations  could  be  recovered  from  the  plate  and  used 
again  at  a  later  date,  but  only  with  a  significant  reduction  in 
activity  (Figure  3). 

After  antigen  is  washed  off  the  plate,  the  blocking  anti¬ 
body  must  be  delivered  to  each  well  within  15  minutes  (Table 
2„  Step  5).  The  timing  of  this  step  was  critical,  as  longer 
time  intervals  were  found  to  significantly  decrease  the  P/N 
ratio  (Figure  4).  This  may  be  a  manifestation  of  low  afinity 
of  the  antibody  in  the  Alaska  plasmas  AK003  and  AK005  for 
the  Joliet  antigen. 

4.  SPRIA  Results 

a.  Detection  of  anti-HAV 

1)  Results  obtained  with  paired  homologous 
sera  collected  pre-  and  post-infection  are  shown  in  Table  5. 
There  was  a  greater  than  50%  reduction  of  cpm  by  each  of  the 
post-infection  sera  when  compared  with  the  homologous  pre¬ 
infection  specimens. 

2)  Thirty-eight  sera,  collected  during  the 
Ft.  Richardson,  Alaska  outbreak  were  previously  tested  by 
Blaine  Hollinger  of  Baylor  University  by  radioimmunoassay 
for  anti-HAV  (see  WRAIR  annual  report  FY  77).  These  sera 
were  retested  for  anti-HAV  using  the  new  radioimmunoassay. 

The  results  appear  in  Figure  5,  and  show  close  agreement 
between  the  two  assays.  Several  sera,  however,  which  were 
weakly  positive  by  Dr.  Hollinger's  assay,  were  negative  when 
tested  at  WRAIR.  Fewer  ambiguous  (midrange)  results  were 
obtained  with  the  WRAIR  assay,  and  serious  disagreement  was 
limited  to  only  one  serum,  EX  273.  This  serum  sample,  a 
late  specimen  from  an  initially  anti-HAV  negative  individual 
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Table  5.  Results  of  Anti-HAV  Testing*  of  Post-HAV  Infection 
Serum  Compared  with  Hemologous  Pre-Infection  Serum. 


Source  of  Paired  Sera 


%  Block 


NIH  Reference  Chimpanzee 

76% 

Chimpanzee  CH  267 

69% 

Chimpanzee  CH  173 

78% 

GD  (Human) 

84% 

*Antigen  employed  was  10%  FJ-I-2-d.  Paired  sera  were  tested 
concurrently,  and  the  results  expressed  represent  the  re¬ 
duction  in  cpm  from  the  pre-infection  to  the  post-infection 
sample. 


Table  6.  Anti-HAV  Results  with  Hyland  ISG  Lots. 


Control  Serum  Hyland  j^-Globulin 

Anti-HAV  Positive 


Dilution 

OD  Post 

1:100 

52% 

1:300 

67% 

1:1000 

56% 

1 : 3000 

0% 

1:10,000 

1:30,000 

1:100,000 

n632D003AA  0632En03AA 


63% 

78% 

70% 

57% 

66% 

53% 

43% 

60% 

39% 

20% 

28% 

49% 

6% 

31% 

blocking  antisera,  - ■  pre-infection  2/10/78  stool  specimen; 

acute  phase  3/6/78  stool. 


reduced  when  the  time  interval  was  30  minutes  or  greater 


HAV  in  both  assays.  Thirty-eight  sera  were  tested  by  both  methods. 


who  did  not  develop  clinical  evidence  of  hepatitis,  was  positive 
by  Hollinger's  method  (78%)  but  negative  at  WRAIR  (7%).  Further 
comparison  between  the  two  assays  is  scheduled  for  the  near 
future. 


3)  Two  lots  of  Immune  serum  globulin  (ISG)  currently 
being  used  for  prevention  of  hepatitis  by  the  Army  were  tested 

for  anti-HAV  content.  Antibody  titers,  shown  in  Table  6.  were 
1:1000  and  1:3000.  The  Bureau  of  Biologies  has  described  antibody 
titers  in  the  range  of  1:100  to  1:200  in  other  lots  of  ISG  when 
tested  by  the  commercial  radioimmunoassay  (HAVAB)  recently 
developed  by  Abbott  Laboratories,  Chicago,  Ill. 

4)  As  detection  of  IgM  anti-HAV  offers  the 
advantage  of  single  specimen  serology  leading  to  the  diagnosis 
of  hepatitis  A  (Bradley  et  al.,  1977),  acute  phase  sera  were 
subjected  to  sucrose  gradTent  centrifugation  for  separation 

of  IgM  and  IgG  antibody  species.  IgG  and  IgM  levels  were 
determined  in  the  fractions  by  radial  immunodiffusion  ("Tri-parti- 
gen"  plates,  Behring,  Inc.),  and  fractions  were  tested  for  anti- 
HAV  activity  by  radioimmunoassay.  Preliminary  results  suggested 
that  antibody  was  present  in  the  IgM  fraction  when  serum  was 
collected  shortly  after  the  onset  of  hepatitis,  ffforts  are 
underway  to  develop  a  more  rapid  method  of  IgM  anti-HAV  detection. 

b.  Detection  of  antigen 

1)  Serial  specimens  of  Joliet  (FJ-1-2)  stool 
were  assayed  for  hepatitis  A  antigen.  Results  (Figure  6)  show 
that  antigen  shedding  in  stools  peaked  during  the  33rd  to  35th 
day  after  infection.  These  data  agree  well  with  previously 
published  ininune  electron  microscopy  studies  on  these  specimens 
(Dienstag,  1975a).  Stool  specimens  from  the  other  Joliet 
participants  were  also  tested  for  HAV.  While  preliminary  results 
suggest  there  was  far  less  antigen  shedding  than  was  found  for 
FJ-1-2,  the  data  are  inconclusive  and  the  tests  are  being 
repeated. 


2)  Serial  chimpanzee  stool  specimens  were  also 
tested.  Results  are  described  in  the  following  section. 

B.  Infection  of  Chimpanzees  with  hepatitis  A  virus 

Two  chimpanzees  (CH167  and  CH263),  held  at  the  Laboratory 
for  Experimental  Medicine  and  Surgery  in  Primates  (LEMSIP), 
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New  York  University,  were  infected  with  HAV  from  Joliet  stool. 
Stool  specimens  were  collected  fram  each  animal,  and  provided 
an  additional  source  of  HAV  antigen, 

1.  Selection  of  animals 

Two  colony-bred  juvenile  chimpanzees  (P^  troglodytes) 
were  selected  on  the  basis  of  susceptibility  to  HAV  (determined 
by  Dr.  Hoi  linger,  Baylor  University)  and  absence  of  markers 
for  hepatitis  B  infection, 

2.  Preparation  of  infectious  inocula 

Joliet  stool  specimens,  FJ-1-2-19  and  FJ-1-2-5  (Figure  1), 
were  selected  on  the  basis  of  prior  successful  chimpanzee 
infections  and  quantity  of  HAV  determined  by  radioimmunoassay 
(performed  by  Dr.  Hollinger).  0.2%  stool  filtrates  were 
prepared  as  previously  described  (Dienstag,  1975b),  and  stored 
at  -70°  until  use.  Multiple  aliquots  of  each  were  prepared, 

3.  Methods 

The  animals  were  placed  into  isolation  3  weeks  prior  to 
infection.  Serum  transaminases  (AST  and  ALT)  and ^-glutamyl 
transpeptidase  (GGPT)  values  were  measured  twice  weekly  at 
LEMSIP.  Additional  aliquots  of  serum  were  stored  at  -70°  for 
later  determination  of  complement  and  antibody  to  hepatitis  A. 
Stool  was  collected  daily  from  5  days  prior  to  infection  until 
evidence  that  hepatitis  was  resolving.  Baseline  liver  biopsies 
were  taken  prior  to  infection,  and  at  the  onset  of  transaminase 
elevations.  Each  animal  received  1  ml  of  one  of  the  0.2% 
stool  filtrates  intravenously. 

4.  Results 

Results  are  summarized  in  Figures  7  and  8.  Both  chimpanzees 
developed  elevated  liver  enzymes  3-4  weeks  after  inoculation, 
shed  detectable  HAV  in  their  stool  and  demonstrated  seroconver¬ 
sion  to  anti-HAV.  Neither  animal  developed  HBsAg,  anti-HBs  or 
anti-HBc  antibodies.  Serum  C3c  levels  (assayed  by  commercial 
radial  immunodiffusion,  Behring,  Inc.),  fell  in  both  animals 
coincident  with  the  rise  in  liver  enzymes  and  the  appearance 
of  anti-HAV.  This  apparent  serum  complement  consumption  needs 
to  be  confirmed,  but  suggests  a  role  for  immune  injury  in  the 
production  of  type  A  hepatitis. 
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FIGURE  7.  Experimental  infection  of  chimpanzee  173  with 

hepatitis  A  virus.  A)  serum  AST  and  ALT  values; 
the  animal  received  1  ml  0.2%  FJ- 1-2-19  IV  at 
time  indicated.  B)  fecal  shedding  of  HAV  as  deter¬ 
mined  by  SPRIA;  stool  extracts  (lOX)  were  blocked 
with  anti -HAV-neqative  (#  ■  >)  and  anti-HAV- 

positive  sera  (O . O)  to  determine  the 

specificity  of  the  reaction.  C)  anti-HAV  (A - a) 

determined  by  SPRIA,  and  C3c  measured  by 

commercial  radial  immunodiffusion. 


5.  Chimpanzee  HAV  antigen 


CH173  shed  HAV  in  stool  for  a  longer  period  of  time  than 
did  CH267  (Figures  7  and  8).  Stool  collected  on  day  19  from 
CH173  was  prepared  for  use  in  the  radioimmunoassay  as  described 
in  section  A2  b3  above,  yielding  200  ml  of  10^  stool  extract. 

This  material  contains  detectable  HAV  (Figure  2)  and,  if  used 
at  a  10%  final  concentration,  will  permit  3000  individual 
serum  antibody  determinations.  A  pre-infection  chimpanzee 
stool  lot  was  also  prepared  to  serve  as  an  HAV-negative  antigen 
control  in  future  assays. 

C.  HAV  purification 

Purified  hepatitis  A  virus  will  be  necessary  for  the 
development  of  a  radioimmunoassay  specific  for  IgM  anti-HAV- 
Preliminary  attempts  have  included  separation  by  differential 
centrifugation  and  CsCl  equilibrium  gradient  centrifugation. 

A  10%  suspension  of  Joliet  FJ-1-2-5  stool  was  shaken  with 
glass  beads  and  clarified  at  2600  rpm  in  the  PR-6  centrifuge 
for  10  minutes  followed  by  two  additional  clarification  steps 
at  8000  rpm  in  the  Sorvall  SS-34  rotor  for  30  minutes.  The 
supernatant  fluid  was  layered  onto  a  CsCl  cushion  (a=1.85  gm/cm^) 
and  centrifuged  for  3  hours  at  27,000  rpm  in  the  SW  27.1  rotor. 

The  interface  material  was  collected,  dialyzed  for  5  hours 
against  PBS  pH  7.4  with  1%  SOS,  and  placed  over  a  pre-formed 
linear  CsCl  gradient  (o=1.13  -1.52  gms/cm^).  This  gradient  was 
centrifuged  at  25,000  rpm  in  the  SW  27.1  rotor  for  20  hours  and 
1  ml  fractions  were  collected  from  the  bottom.  Fractions  were 
then  tested  by  radioimmunoassay  for  HAV  (Figure  9). 

A  broad  band  of  HAV  activity  was  found  in  fractions  7-9 
(density  1.27  -  1.33),  correlating  with  the  presence  of  a 
visible  band  in  the  gradient.  This  material  will  be  further 
purified  by  molecular  exclusion  chromatography  (Sephanose  2B) 
and  rate  zonal  centrifugation. 

D.  Hepatitis  A  Outbreak  at  Schofield  Barracks,  Hawaii. 

During  June  1978,  an  outbreak  of  hepatitis  among  soldiers 
of  the  25th  Infantry  Division  was  investigated  by  a  team  from 
WRAIR.  The  results  of  the  epidemiologic  investigation  are 
found  elsewhere  in  this  report  (see  Work  Unit  001,  Epidemiologic 
Studies  of  Military  Diseases).  Twenty-five  persons  were  identified 
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as  meeting  clinical  criteria  for  hepatitis.  Serum  was  collected 
from  23  of  these  cases  and  from  30  age-  and  unit-matched 
asymptomatic  controls.  These  sera  were  subsequently  tested  for 
anti-HAV,  HBsAg  (AUSRIA  II),  anti-HBs  (Ausab)  and  anti-HBc 
by  radioimmunoassay.  Results  are  shown  in  Table  7.  Ninety- 
six  percent  of  the  symptomatic  individuals  were  anti-HAV 
positive,  whereas  only  50%  of  the  asymptomatic  controls  had 
anti-HAV  (Figure  10).  The  results  provided  serologic  confirma¬ 
tion  that  the  outbreak  was  due  to  type  A  hepatitis.  The  50% 
prevalence  of  anti-HAV  found  in  unaffected  personnel  is  con¬ 
sistent  with  previously  reported  studies  of  similar  healthy 
American  populations.  Serologic  markers  for  hepatitis  B 
infection  were  also  more  common  in  cases  (17%)  than  controls 
(7%)  suggesting  that,  in  at  least  a  few  cases,  hepatitis  type  B 
may  have  been  the  etiologic  agent.  Anti-HAV  positive  sera 
from  cases  and  controls  are  now  being  tested  for  IgM  antibody 
to  HAV. 

II.  Hepatitis  B  Virus  (HBV) 

Principal  projects  have  included  modification  of  the 
radioimmunoassay  for  HBV  core  antigen  (HBcAg)  to  improve  test 
specificity,  and  studies  of  HBV  surface  antigen  (HBsAg)  pro¬ 
duction  by  the  PLC/PRF/5  cell  line  ijn  vitro. 

A.  Modification  of  the  Anti-HBc  radioimmunoassay. 

1.  Purification  of  HBc  from  chimpanzee  liver. 

Chimpanzee  683  (described  in  previous  annual  reports) 
served  as  a  source  of  HBV-infected  liver.  HBcAg  was  purified 
according  to  the  method  of  Fields  ^  aJ.  (1976)  by  homogeni¬ 
zation  of  liver,  followed  by  ether  extraction,  differential 
centrifugation,  treatment  with  detergent,  and  sucrose  gradient 
centrifugation.  Fractions  of  the  sucrose  gradient  were  diluted 
30-fold  and  tested  for  HBsAg  (AUSRIA  II)  and  HBsAg  by  a  radio¬ 
immunoassay  similar  to  that  described  in  the  preceding  section 
for  HAV.  Results  appear  in  Figure  11.  Peak  HBcAg  activity 
was  found  in  fraction  15,  and  was  detectable  by  radioimmunoassay 
at  a  dilution  of  1:100  (P/N  ratio=2.91)  and  by  complement 
fixation  at  a  final  dilution  of  1:8.  Fractions  14  and  15  of 
the  gradient  were  pooled,  diluted  1:20  and  divided  into  aliquots 
for  use  in  future  assays. 
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commercial  radioimmunoassay  (AUSRIA  II). 


2.  SPRIA  for  anti-HBc 


The  modified  radioimmunoassay  for  anti-HBc  was  similar 
to  the  HAV  assay  described  above  with  the  exception  that  normal 
saline  was  used  in  place  of  PBS-tween.  A  50%  reduction  in 
bound  radioactivity  was  considered  indicative  of  a  positive 
result  for  anti-HBc  antibody  in  the  blocking  serum  sample. 

3.  Results 

All  sera  tested  to  date  which  have  contained  HBsAg  (AUSRIA  II) 
have  also  been  positive  for  anti-HBc.  Sera  which  are  positive 
for  anti-HBs  (Ausab)  may  or  may  not  contain  anti-HBc  activity. 

Sera  collected  during  the  Schofield  Barracks  outbreak  from 
symptomatic  cases  and  asyniptomatic  matched  controls  (see  above) 
were  tested  for  anti-HBc;  results  are  summarized  in  Table  7. 

B.  PLC/PRF/5  Hepatoma  Cell  Line 

A  continuous  cell  line  (designated  PLC/PRF/5),  established 
from  the  liver  of  an  HBsAg-posi tive  patient  with  primary  liver 
carcinoma,  was  provided  by  Dr.  Jenifer  Alexander  of  South  Africa 
(Macnab,  1976).  This  material  was  received  at  the  63rd  passage 
level  and  subjected  to  the  following  studies. 

1.  Confirmation  of  HBsAg  production  iji  vi tro. 

Cells  were  grown  in  Eagles  MEM  with  Earle's  salts,  supple¬ 
mented  with  5%  fetal  calf  serum,  glutamine,  pyruvate  and  non- 
essential  amino  acids.  At  intervals,  media  was  removed,  clarified 
at  200  rpm  x  10  minutes  in  the  PR-6  centrifuge,  and  tested  for 
HBsAg  by  commercial  radioimmunoassay  (AUSRIA  II).  HBsAg 
was  continuously  released  into  the  culture  media  as  shown  in 
Figure  12.  HBsAg  antigen  was  detectable  at  a  dilution  of  lO*^, 
whereas  similar  media  taken  from  Vero  cell  cultures  contained 
no  detectable  antigen.  HBsAg  reactivity  in  the  AUSRIA  II  test 
was  totally  abolished  by  absorbtion  with  rabbit  antisera 
previously  prepared  to  highly  purified  HBsAg  (subtype  adw),  but 
not  with  normal  rabbit  serum.  HBcAg  could  not  be  detected 
in  media  by  radioimmunoassay,  nor  in  the  cells  themselves  using 
an  indirect  fluorescent  antibody  technique. 

Media  from  PLC/PRF/5  cultures  were  clarified  at  8000  x  g 
for  30  minutes,  layered  onto  a  32  ml  linear  CsCl  gradient 
(o1. 15-1. 45  gms/cm^)  and  centrifuoed  in  an  SW25  rotor  at  24,000 


E'  I  1 


measured  by  commercial  radioimmunoassay  (AUSRIA  II), 


rpm  for  22  hours.  HBsAg  was  found  at  a  density  of  1.18-1.22 
gm/cm3,  close  to  the  reported  bouyant  density  of  plasma- 
derived  HBsAg.  These  studies  confirm  that  this  cell  line 
produces  HBsAg  which  is  immunologically  and  physically  indis¬ 
tinguishable  from  HBsAg  recovered  directly  from  infected 
persons. 


2.  Effect  of  Ribavirin  (Virazole)  on  HBsAg  production. 

Because  ribavirin  has  been  reported  to  have  a  beneficial 
effect  on  both  acute  and  chronic  hepatitis  B  infections,  the 
effect  of  this  drug  oa  HBsAg  production  by  this  cell  line  was 
investigated.  Cells  were  grown  to  80^  confluence  in  24  well 
Linbro  plates  and  were  fed  with  media  containing  various 
concentrations  of  ribavirin  and  d-actinomycin.  Because  cells 
continued  to  release  HBsAg  for  up  to  24  hours  in  the  presence 
of  optimal  concentrations  of  d-actinomycin,  the  drug-containing 
media  was  replaced  after  24  hours.  Culture  media  was  then 
collected  at  24-hour  intervals  and  tested  for  HBsAg. 

As  shown  in  Figure  13,  ribavirin  treatment  resulted  in 
an  incomplete,  but  dose-related  inhibition  of  HBsAg  production. 
Very  high  levels  of  ribavirin  (200  ugm/ml)  resulted  in  approxi¬ 
mately  60%  inhibition  of  HBsAg  production.  However,  identical 
concentrations  of  ribavirin  resulted  in  similar  inhibition 
of  cellular  protein  synthesis,  as  assessed  by  3H-amino  acid 
incorporation  into  TCA-precipitable  material.  Cellular  RNA 
synthesis  (3H-uridine)  incorporation  was  reduced  to  an  even 
greater  degree.  Thus,  the  effect  of  ribavirin  on  HBsAg 
production  was  non-specific  and  probably  due  to  impaired  cellular 
RNA  synthesis. 

3.  Effect  of  Adenine  Arabinoside  (Vidarabrine,  Ara-A) 
on  HBsAg  production. 

Adenine  arabinoside  has  also  been  reported  to  have  a  bene¬ 
ficial  effect  on  chronic  hepatitis  B  infection  and  therefore  the 
effect  of  adenine  arabinoside  on  iji  vitro  production  of  HBsAg 
was  studied  using  similar  methods.  Less  dose-dependent  inhibi¬ 
tion  of  HBsAg  production  was  found  with  adenine  arabinoside 
than  was  seen  with  ribavirin  (Figure  13).  Adenine  arabinoside 
also  caused  a  quantitatively  similar  reduction  in  cellular 
protein  synthesis  at  these  concentrations  indicating  that,  like 
ribavirin,  its  effect  on  HBsAg  production  was  non-specific. 


collected  and  tested  for  HSsAg  by  AUSRIA  II. 


4.  Effect  of  human  interferon  on  HBsAg  production. 

A  single  experiment  was  conducted  to  determine  if  human 
interferon  (NIH  reference  reagent)  would  inhibit  HBsAg 
production.  Interferon  (100  NIH  reference  units/ml)  effected 
a  50%  reduction  in  HBsAg  production,  but  inhibited  total  protein 
synthesis  by  at  least  20%. 

C.  Subtyping  of  HBsAg-positive  South  Pacific  sera 

In  collaboration  with  Dr.  Arwin  Diwan,  University  of 
Hawaii,  58  serum  samples  (all  HBsAg-positive  by  radioimmuno¬ 
assay)  from  the  Kingdom  of  Tonga  were  studied  for  HBsAg  subtype 
by  immunodiffusion.  HBsAg-positive  sera  from  American  Samoa 
and  the  Cook  Islands  were  also  studied.  The  peoples  of  these 
islands  are  being  considered  for  future  trials  of  an  HBV  vaccine, 
and  preliminary  information  was  required  on  the  prevalent 
subtypes  of  hepatitis  B  virus.  Twenty-one  of  the  Tonga  sera 
contained  HBsAg  detectable  by  immunodiffusion.  Of  these, 

14  were  identified  as  ad  or  adr,  and  4  were  identified  as  ay. 
Three  could  not  be  typed.  Only  5  sera  from  the  Cook  Islands 
and  American  Samoa  contained  sufficient  HBsAg  to  detect  by 
immunodiffusion,  and  all  of  these  were  subtype  ay. 
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Description 


This  work  unit  is  concerned  with  the  development  of  manufactur¬ 
ing  methods  for  the  production  of  new  effective  vaccines  for  military 
use,  and  with  the  modification  of  existing  biological  products  to 
increase  effectiveness  and  reduce  reactivity,  to  afford  greater  sta¬ 
bility,  and  to  minimize  logistic  requirements. 


During  this  period  laboratory  studies  were  continued  on 
Neisseria  meningitidis  groups  Y  and  135,  for  the  purpose  of  obtain¬ 
ing  appropriate  purified  polysaccharide  preparations  for  use  in  the 
immunization  of  humans  against  these  types  of  meningitis.  In 
addition  to  the  monovalent  vaccines,  a  combined  vaccine  containing 
the  polysaccharides  from  these  two  groups  was  prepared  for  evalua¬ 
tion  in  man.  Investigations  also  continued  on  improved  media  and 
processing  methods  for  the  production  of  purified  protein-polysac¬ 
charide  complex  antigens  derived  from  group  B  meningococcus,  for  use 
as  an  immunogen. 


a.  A  production  lot  of  the  group  Y  (strain  SOY, 
Boshard)  of  N.  meningitidis  polysaccharide  was  prepared  for  evalua¬ 
tion  of  immunogenic ity  in  man.  The  culture  was  grown  for  16  hours 
in  modified  F-ranz  medium  and  was  processed  as  previously  described 
(Annual  Report,  1977).  Some  difficulty  h<  il  been  experienced  in 
sterilizing  the  final  product  solution  by  passage  through  a  sterile 
0.2  (im  membrane  filter.  This  problem  was  overcome  by  dissolving  the 
purified  polysaccharide  in  membrane- fi 1 tered  water  at  a  concentration 


of  0.5  ing/ml  and  passage  Ihrougli  1.2  iJtn  and  0.45  ijiii  membrane  filters 
before  the  0.2  nm  sterilizing  filter.  Tlie  i)roduct  was  filled  at  2.5 
mg  polysaccharide  per  vial  and  freeze-dried.  Results  of  in  vitro 
assays  of  the  final  product  are  shown  in  Table  I. 


Table  1 


Assays  on  Group  Y  (SOY,  Boshard) 

Yieltl  (mg/1,  culture  ) 
I’rotein  (°o) 

Nucleic  Acid  (“J 
Sialic  Acid  ("oj 
Garbohydrate  (I.) 
Molecular  Weight 
I’ytogeni  c  i  ty 


I’ol  )'sacchar  i  dc  Vaccine,  Lot  1 

12.0 

0.80 

0.92 

50.0 

.50.6 

>100,000 
Non- Pyrogenic 
at  2.5  |ig/kg 


The  above  vaccine  was  tested  in  man  (50  n8  dose j  by  the  Depart¬ 
ment  of  Bacterial  Diseases,  WRAIR,  and  was  fouiul  to  be  immunogenic. 

b.  Additional  studies  of  the  grouj)  1.55  (strain  155-111) 
of  N.  mcningi t idi s  failed  to  provide  a  satisfactory  method  for  the 
production  of  a  purified  pol ysacch.i r i de  which  would  be  a  suitable 
immunogen  for  human  use.  Therefore,  new  studies  were  initiated  using 
another  group  155  strain  (22-W155). 

A  l()-hour  culLurc  of  strain  22-W155  was  grown  in 
modified  Franz  medium  and  i  n.act  i  vated  with  Getavlon.  The  sediment 
collected  by  Sharpies  centrifugation  was  divided  into  two  parts  in 
order  to  compare  the  usual  calcium  chloride  extraction  procedure  with 
a  sodium  chloride  extraction  of  the  crude  i)ol ysacchar i de .  'Hic  results 
of  both  extractions  arc  given  in  Table  11, 


Table  II 


Comparison  of  Crude  Polysaccharide  Yields  Obtained  With  Sodium 
Chloride  and  Calcium  Chloride  Extraction  of 
Sedimented  Meningitidis  Strain  22-W135 


0.5M  NaCl 

l.OM  CaCl2 

In  Vitro  Assay 

Extract 

• 2H2O  Extract 

Yield  (mg/L  culture) 

68 

86 

Protein  (%) 

17.7 

26.4 

Nucleic  Acid  (%) 

4.4 

2.9 

Sialic  Acid  (%) 

39.7 

34.5 

Molecular  Weight 

<100,000 

>100,000 

Although  the  molecular  weight  of  the  NaCl  extract  was  less 
than  100,000,  it  was  decided  to  carry  the  material  through  to  a 
final  product  in  order  to  complete  the  comparison. 

The  crude  polysaccharides  obtained  were  each  dissolved  in  a 
1/10  dilution  of  saturated  sodium  acetate  (pH  7.0)  at  a  concentra¬ 
tion  of  10  mg/ml.  They  were  then  fractionated  three  times  with 
equal  volumes  of  a  75%  phenol  solution,  and  the  phenol  layers  were 
washed  sequentially  with  one  volume  of  1/10  saturated  sodium  acetate. 
After  dialysis  against  distilled  water  at  5°C,  the  polysaccharides 
were  precipitated  with  80%  ethanol  in  the  presence  of  sodium  or 
calcium,  respectively.  The  results  of  the  phenol  extractions  are 
given  in  Table  III. 
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Table  fll 


Effect  of  75%  Phenol  Fractionation  of 
Crude  Polysaccharide  Extracts 


In  Vitro  Assays 


0.5M  NaCl 


I.OM  CaCl2‘2H20 


Yield  (mg/L  culture) 

38 

Protein  (%) 

2.7 

Nucleic  Acid  (%) 

3.5 

Sialic  Acid  (%) 

54.1 

Molecular  Weight 

•  50,000 

40 

2.3 

1.5 

59.7 

>100,000 


Although  the  protein  content  of  the  calciiim  extract  was  8% 
higher  than  that  of  the  sodium  extract,  the  phenol  extraction  brought 
both  preparations  to  the  same  point.  Here  again,  the  molecular 
weight  of  the  sodium  extract  was  not  satisfactory  (less  than  100,000 
daltons) . 

The  powder  from  each  phenol -fractionated  preparation  was  then 
dissolved  in  water  at  a  concentration  of  1  mg/ml  for  centrifugation 
at  100,000  X  g  for  six  hours.  (Previous  studies  have  shown  that  high 
speed  centrifugation  at  higher  concentrations,  or  in  the  presence  of 
any  salt,  or  combined  with  ethanol  opalescence,  caused  a  considerable 
loss  of  polysaccharide  with  little  reduction  in  the  protein  and  nuc¬ 
leic  acid  content.  Ihe  six  hour  centrifugation  appeared  to  be  optimum 
for  achieving  the  desired  results).  A  comparison  of  the  two  final 
products  is  shown  in  Table  IV. 


Table  IV 


Comparison  of  Purified  Polysaccharides 


Derived  from  Sodium 

and  Calcium 

Extractions 

In  Vitro  Assays 

0.5M  NaCl 

l.OM  CaCl2 

Yield  (mg/L  culture) 

31 

34 

Protein  C^) 

0.84 

0.98 

Nucleic  Acid  (%) 

2.55 

1.01 

Sialic  Acid  (%) 

41.5 

59.5 

Molecular  Weight 

>100,000 

>100,000 

In  the  final  product,  the  sodium-extracted  polysaccharide  had 
a  satisfactory  molecular  weight,  but  had  a  low  sialic  acid  content 
combined  with  high  nucleic  acid.  The  calcium-extracted  polysaccha¬ 
ride  appeared  satisfactory. 

A  production  lot  was  then  processed  as  described  for  the  cal¬ 
cium-extracted  polysaccharide.  However,  a  second  centrifugation  at 
100,000  x  g  for  six  hours  was  required  to  achieve  the  desired  levels 
of  protein,  nucleic  acid  and  sialic  acid.  The  purified  polysaccha¬ 
ride  was  sterilized  by  filtration  through  a  0.2  wm  membrane  filter, 
filled  at  2.5  mg  polysaccharide  per  vial  and  freeze-dried.  In  vitro 
assays  of  the  final  product  are  shown  in  the  following  table. 


Table  V 

Assays  on  Group  1.55  (22-W1.55)  Polysaccharide 
Vaccine,  l.ot  1 


Yield  (mg/Lculturc) 
Protein  (%) 

Nucleic  Acid  ("o) 
Sialic  Acid  (%) 
Carbohydrate  (%) 
Molecular  Weight 
Pyrogenic ity 


22 

0.98 
0.88 
48.7 
28.2 
100,000 
Non-Pyrogenic 
at  0.25  iJg/kg 


This  material  has  been  tested  in  man  (50  pg  dose)  by  the  Depart¬ 
ment  of  Bacterial  Diseases,  WRAIR,  and  found  to  be  immunogenic. 

c.  In  addition  to  individual  polysaccharide  vaccines  derived 
from  group  Y  and  group  135  strains  of  meningitidis,  the  Depart¬ 
ment  of  Bacterial  Diseases,  WRAIR,  requested  a  combined  group  Y  and 
group  135  vaccine  for  evaluation  in  man.  For  this  purpose,  125  mg 
of  group  Y  (strain  SOY,  Boshard)  polysaccharide  and  125  mg  of  group 
135  (strain  22-W135)  polysaccharide  were  dissolved  in  500  ml  of  mem¬ 
brane-filtered  water  to  give  a  solution  containing  0.25  mg  of  each 
polysaccharide  per  ml.  This  was  clarified  by  membrane  filtration, 
first  through  a  sterile  1.2  ym  filter  over  a  0.45  ym  filter  (142  mm 
diameter).  Final  sterile  filtration  was  accomplished  by  passage 
through  a  sterile  0.45  ym  filter  over  a  sterile  0.2  ym  filter  (293 
mm  diameter).  In  vitro  assays  of  the  combined  product  before  and 
after  sterile  filtration  are  given  in  the  following  table. 


Table  VI 

Assays  of  Combined  Group  Y  and  Group  135 
Polysaccharide  Vaccine 


Sterile 

Filtration 

Before 

After 

Sialic  Acid  (yg/ml) 

287 

82.3 

Nucleic  Acid  (yg/ml) 

5.3 

2.7 

Carbohydrate  (yg/ml ) 

175.0 

57.0 

In  order  to  compensate  for  the  loss  of  polysaccharide 
incurred  during  filtration,  a  fill  volume  of  15.2  ml  was  required  to 
yield  2.5  mg  combined  polysaccharide  per  vial.  Assays  of  the  final, 
freeze-dried  product  are  shown  in  Table  Vll 


Table  VII 


Assays  of  Combined  Group  Y  and  Group  135 
Vaccine,  Lot  1  (Freeze-Dried) 


Protein  (%) 
Nucleic  Acid  (%) 
Sialic  Acid  (%) 
Carbohydrate  (%) 
Molecular  Weight 
Pyrogen icity 


1.36 

1.44 

48.0 

28.3 

>100,000 

Non -Pyrogenic  at 
0.50  yg/kg 


It  is  postulated  that  when  the  polysaccharides  from  these 
two  strains  are  combined  in  solution,  some  of  the  molecules  form  an 
addition  product  of  such  a  size  that  they  cannot  pass  through  the 
pores  of  the  0.2  ym  membrane  filter,  resulting  in  a  considerable 
loss  of  polysaccharide  in  the  filtrate.  In  the  future,  if  combined 
vaccines  are  to  be  prepared,  each  polysaccharide  preparation  will 
be  sterilized  separately  by  filtration,  and  then  combined  under 
sterile  conditions  before  filling  and  freeze-drying. 

d.  The  investigations  on  the  production  of  a  protein-poly¬ 
saccharide  antigen  prepared  from  the  B-11  strain  of  I^.  meningitidis 
included  the  study  of  a  growth  medium  utilizing  sodium  glycerophos¬ 
phate  in  place  of  the  sodium  phosphate  and  dextrose  in  the  modified 
Franz  medium.  This  mediiun  (CAG)  is  similar  to  the  modified  Franz 
medium  with  3X  casamino  acids  (CA)  and  1/5  dextrose  (Annual  Report, 
1977)  in  that  the  final  culture  pH  is  basic,  which  is  essential  to 
prevent  the  breakdown  of  the  high  molecular  weight  group  B  poly¬ 
saccharide.  In  addition,  this  CAG  medium  is  sterilizable  by  auto¬ 
claving  and  serves  as  an  excellent  growth  medium  for  the  B-11  strain 

The  CAG  medium  was  investigated  as  a  suitable  growth  me¬ 
dium  for  the  B-11  strain  after  sterilization  by  filtration  or  by 
steam  under  pressure.  Sixteen  hour  cultures  (15L)  were  inactivated 
with  Cetavlon  and  the  precipitates  were  collected  by  Sharpies 
centrifugation.  The  Sharpies  sediment  from  each  151.  was  processed 
in  the  same  manner  as  previously  described  for  B-11  protein-poly¬ 
saccharide,  Lot  PA-3  (Annual  Report.  1977).  A  compari.son  of  the 
crude  protein-polysaccharide  complex  from  each  151,  is  given  in  table 
VIII. 


Table  VI II 


Comparison  of  Crude  Protein- Polysaccharide  Yields 
in  CAG  Medium  Sterilized  by  Filtration  or  Autoclaving 


In  Vitro  Assays 

Filtered 

Autoclaved 

PH 

8.3 

8.5 

Sharpies  sediment  (gm) 

40 

44 

Protein  (mg/ml) 

1.27 

1.25 

Nucleic  Acid  (mg/ml) 

0.22 

0.24 

Sialic  Acid  (mg/ml) 

0.63 

0.65 

Molecular  Weight 

>100,000 

>100,000 

Ratio  Protein: Sial ic  Acid 

1:0.50 

1:0.52 

The  yield  of  the  crude  protein-polysaccharide  complex  is 
essentially  the  same.  In  both  instances  the  protein  content  is 
double  that  of  the  sialic  acid. 

The  crude  preparations  were  then  processed  to  a  final 
stage,  sterilized  by  filtration  through  0.3  urn  membrane  filters  and 
freeze-dried.  A  comparison  of  the  two  final  products  is  shown  in 
the  following  table. 


Table  IX 


Comparison  of  Yields  of  Protein-Polysaccharide  Complex 
from  CAG  Medium  Sterilized  by  Filtration  or  Autoclaving 


In  Vitro  Assays 


Fi Itered 


Autoclaved 


Yield  (mg/L  culture)  200 

Protein  (%)  70. 1 

Nucleic  Acid  (%)  0.45 

Sialic  Acid  (%)  25.0 

Molecular  Weight  ^100,000 

Ratio  Protein:Sial ic  Acid  1:0.36 

Pyrogenicity  NO 


200 

65.3 

0.41 

29.1 

>100,000 

1:0.45 

Non- Pyrogenic 
at  15  Pi./kg 


The  results  indicate  that  there  were  no  significant  dif¬ 
ferences  between  the  protein-polysaccharide  complexes  processed 
from  the  CAG  medium  sterilized  by  filtration  or  autoclaving. 

The  complex  obtained  from  the  autoclaved  CAG  medium  was 
then  compared  with  that  obtained  from  the  modified  Franz  medium 
with  3X  CA  and  1/5  dextrose  (Lot  PA-3).  The  comparison  is  shown 
below. 


Table  X 


Comparison  of  Protein-Polysaccharide  Complex 
Derived  from  CAG  Medium  and  Lot  PA- 3 


In  Vitro  Assays 

CAG  Autoclaved 

Lot  PA- 3 

Yield  (mg/L  culture) 

200.0 

56.7 

Protein  (%) 

65.3 

36.6 

Nucleic  Acid  ("o) 

0.41 

0.09 

Sialic  Acid  (%) 

29. 1 

57.3 

Molecular  Weight 

>100,000 

>100,000 

Ratio  Protein: Sial ic  Acid 

1:0.45 

1:1.56 

Pyrogenicity 

Non-Pyrogenic 

At 

I5ng/kg 

0.375pg/kg 

Pyrogenic  At 

25iig/kg 

0.50:jg/kg 

The  protein: si alic  acid  ratios  and  the  pyrogenicities  are 
considerably  different.  In  addition,  more  of  the  protein  in  the  CAG 
preparation  is  outer-membrane  protein  (Type  2)  than  in  Lot  PA-3.  It 
is  postulated  that  this  high  molecular  weight  protein  may  be  an  im¬ 
portant  constituent  of  the  vaccine,  in  addition  to  the  high  molecular 
weight  sialic  acid  molecule. 

A  production  lot  of  the  B-11  strain  protein-polysaccharide 
complex,  prepared  in  the  CAG  growth  medium,  is  currently  being  pro¬ 
cessed  for  evaluation  of  immunogenicity  in  man. 

e.  Another  production  lot  of  the  B-11  strain  of  N.  meningitidis 
was  prepared  in  modified  Franz  mediiun  with  3X  CA  and  l/S  dextrose. 
After  inactivation  with  Cetavlon,  this  culture  was  processed  to  a 
protein-polysaccharide  antigen  suitable  for  human  use  by  personnel  of 
the  Department  of  Bacterial  Diseases,  WRAIR  (Lot  BP2-4).  From  the 
205  gm  of  Sharpies  sediment  (301.  culture),  25  gm  was  removed  to  be 
processed  in  the  same  manner  as  l.ot  PA-3  for  comparison  purposes  only. 
In  vitro  assays  of  both  preparations  at  the  final  product  stage  are 
given  in  Table  XI. 
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Table  XI 


Comparison  of  Protein- Polysaccharide  Complexes; 
B-11  Preparation  (1978)  and  Lot  PA-3  (1977) 


In  Vitro  Assays 

B-11  (1978) 

Lot  PA-3  (1977) 

Yield  (mg/1  culture) 

70.0 

56.7 

Protein  (%) 

46.7 

36.6 

Nucleic  Acid  (%) 

0.30 

0.09 

Sialic  Acid  (%) 

47.4 

57.3 

Molecular  Weight 

100,000 

>100,000 

Ratio  Protein: Sial ic  Acid 

1:1.0 

1:1.56 

Pyrogenicity 

Non- Pyrogenic  At 

1.5  Mg/kg 

0.375  yg/kg 
Pyrogenic  At 

3.0  yg/kg 

0.50  yg/kg 

r  >).r 
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In  the  1978  preparation,  it  can  be  seen  that  the  protein: 
sialic  acid  ratio  is  1:1  as  compared  to  1:1,56  for  Lot  PA-3.  More¬ 
over,  this  preparation  has  much  less  pyrogen  than  vaccine  Lot  PA-3, 
although  it  is  not  as  pyrogen-free  as  is  the  complex  derived  from 
the  CAG  medium  described  above.  This  difference  in  pyrogenicity 
was  also  observed  with  vaccine  lot  WZ-2  and  Lot  BP2-4  (non-pyroge- 
nic  at  l.Opg/kg  versus  5.0pg/kg). 

The  only  observable  difference  between  the  1977  and  1978 
production  lots  was  the  pH  of  the  16  hour  cultures.  The  1978  lot 
had  a  pH  of  8.0  to  8.3,  whereas  the  1977  culture  had  a  pH  of  7.6  to 
7.8  Studies  are  planned  to  determine  the  significance  of  this  dif¬ 
ference  in  culture  pH. 

f.  At  the  request  of  personnel  of  the  Department  of  Bacterial 
Diseases,  WRAIR,  this  department  prepared  14  hour  cultures  of  the 
B-11  strain  of  N.  meningitidis  for  processing  to  a  purified  protein- 
polysaccharide  antigen  using  the  methods  developed  by  W.  Zollinger. 

Two  151,  cultures  were  grown  in  modified  Franz  medium  with 
3X  CA  and  1/5  dextrose.  The  14  hour  cultures  reached  a  pH  of  7.8 
and  7.1  and  yielded  an  average  Sharpies  sediment  of  67.5  gm/15L 
following  inactivation  with  Cetavlon.  (A  16  hour  culture  yields  90 
to  100  gm/15L).  After  processing,  the  protein-polysaccharide  com¬ 
plex  was  chromatographed  on  a  Sephadex  G-lOO  colunm  before  final 
precipitation  and  freeze-drying  (Cetavlon  protein-polysaccharide). 

Another  two  151,  cultures  were  grown  in  the  same  medium  as 
above  and  the  14  hour  cultures  reached  pH  values  of  7.7  and  7.9. 

These  were  inactivated  with^ phenol  at  a  final  concentration  of  0.5% 
phenol.  The  301,  of  phenol-inactivated  suspension  were  passed  through 
the  B-16  continuous-flow  rotor  of  the  Spinco  1,4  centrifuge  operating 
at  73,340  x  g,  at  a  flow  rate  of  approximately  9.6L/hr.  The  yield 
of  pelleted  organisms  was  404  gm  (wet  weight).  The  outer-membrane 
protein  was  obtained  from  this  material  and  was  chromatographed  on  a 
Sephadex  G-lOO  column  before  final  precipitation  and  freeze-drying 
(Protein) . 


The  crude  polysaccharide  in  the  supernatant  from  the  B-16 
centrifugation  was  precipitated  with  Cetavlon.  After  passage 
through  the  Sharpies  centrifuge,  59  gm  of  crude  polysaccharide  were 
obtained.  This  sediment  was  processed  in  the  same  manner  as  the 
Cetavlon  sediment.  The  polysaccharide  was  chromatographed  on  a  Sep¬ 
hadex  G-lOO  column  before  final  precipitation  and  freeze-drying 
(Phenol  polysaccharide). 
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In  vitro  assays  of  the  three  preparations  are  shown  in 
the  table  below. 


Table  XII 

Assays  of  Preparations  from  14-Hour  Cultures  of  B-11 
Strain  of  N.  Meningitidis 


Cetavlon  Protein- 

Phenol 

In  Vitro  Assays 

Polysaccharide 

Protein 

Polysaccharide 

Yield  (mg/L  culture) 

30. 1 

44.8 

20.2 

Protein  (%) 

17.7 

84.0 

12.4 

Sialic  Acid  (%) 

69.  7 

None 

Detectable 

97.1 

Molecular  Weight 

•100,000 

>100,000 

>100,000 

Since  a  protein-polysaccharide  complex  was  desired,  it 
was  of  interest  to  know  whether  or  not  the  protein  and  polysaccha¬ 
ride  would  complex  in  a  water  solution  when  combined.  Accordingly, 
equal  amounts  of  the  protein  and  the  phenol  polysaccharide  were 
dissolved  in  water  to  give  964  Mg  protein  and  971  Mg  sialic  acid 
per  ml.  Six  mg  of  this  mixture  were  placed  on  a  Sepharose  4B  co¬ 
lumn  using  0.1  M  Tris,  pH  8.0  as  the  buffer,  collecting  2  ml 
samples.  No  measurable  protein  (UV  spectroscopy)  or  sialic  acid 
(Svennerholm)  were  found  in  the  eluate,  thus  indicating  that  a  com¬ 
plex  had  formed. 

Next,  a  5  mg  sample  of  this  complex  in  2%  DOC  (2%  deoxy- 
colic  acid,  0.05  M  glycine,  0.005  M  EDTA,  pH  8.8)  was  placed  on  the 
Sepharose  4B  column  using  the  same  buffer  as  the  previous  run.  In 
this  case  the  2%  DOC  caused  the  complex  to  dissociate  and  be  chro¬ 
matographed.  Protein  and  sialic  acid  assays  indicated  that  the 
molecular  weights  of  both  components  were  greater  than  100,000,  with 
the  main  peaks  appearing  in  the  void  volume  at  the  same  point  . 

Pyrogen  tests  were  performed  in  rabbits  using  this  protein 
polysaccharide  complex.  The  material  was  non-pyrogenic  at  7.5  Mg/kg 
the  highest  concentration  tested  to  date. 

2.  Pseudomonas  Vaccines. 

During  the  past  year,  in  collaboration  with  the  Department 
of  Bacterial  Diseases,  a  study  was  initiated  on  the  development  of 
methods  for  the  pilot-scale  production  of  a  polysaccharide  vaccine 


derived  from  cultures  of  Pseudomonas  aeruginosa,  type 

Growth  of  the  type  1  strain  of  P^.  aeruginosa  was  harvested 
from  Tryptic  Soy  agar  plates  and  transferred  to  100  ml  of  Tryptic 
Soy  broth  (containing  3%  gylcerol)  in  500  ml  flasks.  These  were  in¬ 
cubated  at  36°C  on  a  reciprocal  shaker  operating  at  110-120  cycles/ 
min.  After  4  hours,  the  100  ml  cultures  were  transferred  to  1.4  L 
of  Tryptic  Soy  broth  (containing  3%  glycerol  and  0.5  ml  of  UCON  anti¬ 
foam)  in  4  L  flasks.  These  were  incubated  at  36°C  with  shaking. 

After  48  hours,  the  cultures  were  removed  from  the  incubator,  and  to 
one  1500  ml  culture,  15  ml  of  a  10%  solution  of  Cetavlon  was  added, 
and  to  a  second  culture,  8.4  ml  of  90%  phenol  solution.  The  inacti¬ 
vating  cultures  were  thoroughly  mixed  and  were  held  at  room  tempera¬ 
ture.  Samples  removed  after  15,  30,  120  and  180  min,  and  again 
after  18  hours,  were  plated  on  Tryptic  Soy  agar  plates.  After  18 
hours  incubation,  the  plates  were  observed  for  growth.  The  results 
are  summarized  in  the  following  table. 

Table  XI II 

Inactivation  of  Cultures  of  £.  aeruginosa  (Type  1) 


Growth  After 
Inactivation  With: 

Inactivation  Time  Cetavlon  Phenol 


15  min 

4+ 

4+ 

30  min 

3-4+ 

3-4  + 

1  hr 

3-^1  + 

1-2  + 

2  hr 

3-4+ 

1-2+ 

3  hr 

1-2+ 

1  + 

18  hr 

1  + 

-  * 

*  No  apparent  growth 


The  above  results  demonstrate  the  relative  ineffectiveness 
of  Cetavlon  for  inactivating  cultures  of  P^.  aeruginosa  in  a  reasona¬ 
ble  length  of  time.  On  the  other  hand,  after  18  hours  of  inactiva¬ 
tion  at  room  temperature  with  phenol,  the  cultures  show  no  viable 
organisms  and  thus  can  be  safely  handled  through  the  purification 
procedures.  These  results  were  confirmed  with  151.  cultures  of  the 
organism. 

Wlien  large  volumes  of  the  cultures  were  prepared,  it  was 
found  that  additional  UCON  was  required  after  24  hours  incubation  to 
prevent  foaming  to  the  point  of  interfering  with  aeration.  Also, 
before  the  large  volumes  of  culture  could  be  passed  through  0.45|im 


-HO 


concentrator  plates,  it  was  necessary  to  remove  the  organisms  by 
high  speed  centrifugation,  first  through  a  Sharpies  centrifuge  and 
then  through  a  continuous  flow  centrifuge  operating  at  100,000  x  g. 

Serological  assays  on  supernatant  fluids  obtained  before 
and  after  inactivation  indicated  that  neither  the  phenol  nor  the  18 
hour  period  of  inactivation  had  any  measurable  effect  on  the  suit¬ 
ability  of  the  supernatants  for  the  additional  processing  required 
to  obtain  the  purified  polysaccharide.  Accordingly,  thirty  liters 
of  clear  supernatant  fluids  derived  from  72  hour  cultures  of 
P^.  aeruginosa  were  provided  to  the  Department  of  Bacterial  Diseases 
for  further  processing  and  purification. 

3.  Dengue  Virus  Vaccines. 

During  the  past  year  studies  were  continued  on  the  deve¬ 
lopment  of  a  dengue  virus  type  2  (DCN-2j  vaccine  for  human  use.  In 
addition,  attempts  were  made  to  obtain  a  temperature  sensitive  den¬ 
gue  virus  type  3  (DIiN-3)  seed  strain  by  passaging  and  cloning. 

a.  The  S-1  DI:N-2  virus  from  the  lot  #2  vaccine 
(Eckels,  K.H.  et  1976)  was  passaged  further  in  certified  fetal 
rhesus  monkey  lung  (DBS-FRhL-2)  colls  at  31“  C  in  order  to  determine 
if  the  virus  would  undergo  further  attenuatio  n  in  terms  of  tempe¬ 
rature  sensitivity  and  pathogenicity  for  suckling  mice. 

For  the  first  passage,  confluent  monolayers  of 
DBS-FRhL-2  cells  in  25  cm^  flasks  were  inoculated  with  0.2ml  of  a 
10"^  dilution  of  the  vaccine.  Virus  was  adsorbed  at  31'^ C  for  90 
minutes;  maintenance  medium  (F-15  Eagle’s  Minimum  Essential  Medium, 
2%  Fetal  Bovine  Serum,  0.1%  Streptomycin  and  Neomycin)  was  added 
and  the  flasks  were  than  incubated  at  On  day  4,  the  flasks 

were  refed  with  the  same  maintenance  medium  and  returned  to  31^0 
for  an  additional  3  days.  On  day  7,  the  flasks  were  harvested  and 
the  fluids  mixed  with  an  equal  volume  of  inactivated  Fetal  Bovine 
Serum,  (FBS),  frozen  and  stored  at  -70<C. 

For  the  second  passage,  the  day  7  harvest  from 
the  first  passage  was  diluted,  inoculated  and  harvested  using  the 
same  procedures  as  above. 

Initially,  the  third  passage  was  also  done  using 
the  same  procedures  as  previously  indicated.  The  day  7  harvests, 
however,  had  been  continually  dropping  in  infectious  titer.  There¬ 
fore,  the  third  passage  was  repeated  using  the  same  procedures 
except  that  the  day  7  harvest  from  the  second  passage  was  diluted  to 
10'^  instead  of  lO"-^.  All  further  passages  were  done  in  the  same 
way.  The  results  of  the  ten  additional  passages  of  the  S-1  DEN-2 
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virus  are  given  in  the  following  Table  XIV. 


Table  XIV 

Passages  of  DEN-2  (PR  159)  S-1  Lot  f2 
Vaccine  Virus  in  CBS-FRhL-2  Cells  at  Sl'^C 


Passage 


Day  of  Harvest 


Titer  (PFU/0.2inl) 


1 

4* 

2.0 

X 

lol 

7 

2,3 

X 

104 

2 

4* 

<10^ 

7 

5.2 

X 

103 

3 

4* 

3.3 

X 

102 

7 

5.8 

X 

10"* 

4 

4* 

1.2 

X 

io2 

7 

2.2 

X 

104 

5 

4* 

1.7 

X 

102 

7 

4.5 

X 

104 

6 

4* 

1.4 

X 

103 

7 

1.3 

X 

10^ 

7 

4* 

1.4 

X 

102 

7 

3.1 

X 

104 

8 

4* 

2.8 

X 

10^ 

7 

1.9 

X 

105 

9 

4* 

4.4 

X 

103 

7 

1.5 

X 

10^ 

10 

4* 

1.4 

X 

104 

7 

5.6 

X 

105 

*  Culture 

fluids  harvested  and  cell 

sheets  refed  with  EMEM+2 

By  the  tenth  passage,  the  small  plaque  characteristic  of 
the  S-1  virus  had  changed  into  a  mixed  population  of  large  and  small 
plaques.  However,  when  the  same  virus  was  plaqued  by  another  plaqu- 
ing  system,  (K.  Eckels,  Dept  Hazardous  Microbiology,  WRAIR),  the  S-1 
virus  retained  its  small  plaque  morphology.  (The  only  difference 
between  the  two  plaquing  systems  is  that  Dr.  Eckels'  uses  Noble  agar 
plus  DEAE-dextran  in  place  of  agarose  and  no  DEAE-dextran  in  our 
system) , 


The  virus  population  of  some  of  the  passages  was  also  pe¬ 
riodically  checked  for  temperature  sensitivity  at  59.5°C  and  no 
plaques  were  formed  at  that  temperature. 

Selected  passages  were  then  assayed  for  temperature  sensi¬ 
tivity  at  38.5'’C.  The  results  are  presented  in  Table  XV. 


Table  XV 


Temperature  Sensitivity  of  Selected  Passages 
of  the  DEN- 2  S-1  Lot  #2  Vaccine  Virus 


Passage 

350c 

38.50c 

EOP* 

1 

1.1  x  10^ 

1.5  X  102 

.0136 

2 

4.6  X  10^ 

<1 

.0002 

4 

2.2  X  lO"* 

1.3  X  102 

.0059 

6 

5.0  X  103 

3.5  X  lOl 

.0070 

8 

8.0  X  104 

1.3  X  lOl 

.0002 

10 

4.1  X  105 

1.6  X  104 

.0390 

S-1  Lot  #2 

1.3  X  10^ 

2.8  X  102 

.0022 

*  EOP  -  Efficiency  of  Plating  =  38. 5°C 


Passage  of  the  S-1  virus  at  310C  did  not  show  a  con¬ 
sistent  trend  which  would  indicate  a  definite  increase  in  its 
temperature  sensitivity.  In  fact,  the  virus  from  the  tenth  passage 
is  approximately  seventeen  fold  less  sensitive  than  the  S-1  virus 
as  demonstrated  by  the  EOP  values  in  the  above  table.  The  patho¬ 
genicities  of  the  selected  passages  are  currently  being  determined 
in  suckling  mice. 

b.  The  initiation  of  the  passage  of  DEN-2  virus  in  chick 
fibroblasts  was  previously  described  (Annual  Report,  1977),  at  which 
time  the  virus  had  to  be  passed  into  embryonated  chick  eggs  by  the 
intravenous  route  prior  to  chick  fibroblasts.  During  this  year 
another  method  was  found  to  be  just  as  successful  and  eliminated  the 
inoculation  of  embryonated  chick  eggs.  This  involved  the  feeding  of 
the  chick  fibroblast  monolayers  on  a  daily  basis. 

Confluent  monolayers  of  chick  fibroblasts  in  25  cm^ 
flasks  were  inoculated  with  0.5  nl  of  seed  material.  After  the  vi¬ 
rus  was  adsorbed  at  35'^C  for  1  hour,  the  flasks  were  refed  with 
maintenance  medium  (M-199,  2%  FBS  and  0.1%  SfiN).  The  flasks  were 
then  harvested  and  fed  with  maintenance  mediimi  on  a  daily  basis. 

The  harvested  fluid  that  had  the  highest  infectious  titer  was  then 
used  for  the  next  passage.  The  first  five  passages  of  DEN-2  virus 
in  chick  fibroblasts  are  presented  in  the  next  table. 


Table  XVI 


Passage 

1 

2 

3 

4 

5 


Passage  of  DEN-2  Virus  in  Chick  Fibroblasts 

Day  of  Harvest  Titer  (PFU/0.2ml) 


3.6  X  10^ 
1.5  X  103 

2.3  X  10“^ 

3.4  X  102 
1.2  X  103 


Further  passages  will  be  clone  in  chick  fibroblast 
cultures  in  an  attempt  to  increase  the  yield  of  infectious  virus. 

c.  It  was  previously  demonstrated  (Annual  Report,  1977) 
that  three  doses  of  an  inactivated  DEN- 2  vaccine  were  required  for 
significant  serological  conversions  in  animals.  This  requirement 
of  three  doses  may  be  due  to  the  fact  that  the  antigenic  mass  of 
the  vaccine  is  not  sufficient  to  elicit  antibodies  in  fewer  doses. 
After  numerous  attempts,  the  only  method  that  increased  the  antige¬ 
nic  mass  of  the  vaccine  involved  precipitating  the  virus  from  the 
culture  fluid.  At  the  present  time,  however,  this  method  does  not 
appear  to  be  economically  feasible. 

Another  factor  that  may  contribute  to  the  requirement 
of  three  doses  of  vaccine  is  the  method  employed  in  the  inactivation 
of  the  virus.  Previous  experimental  DEN-2  vaccines  were  inactivated 
with  0.05%  formalin  (HCHO)  at  22°C  for  6  days.  Therefore,  the  fol¬ 
lowing  experiment  was  performed  to  determine  the  effect  of  different 
concentrations  of  formalin  at  various  temperatures  on  the  inactiva¬ 
tion  of  DEN-2  virus. 

Confluent  monolayers  of  DBS-FRhE-2  cells  in  150  cm^ 
flasks  were  washed  with  25  ml  of  Hank's  Balanced  Salt  Solution 
(HBSS)  and  then  inoculated  with  DliN-2  seed  material  (Annual  Report, 
1974)  at  a  multiplicity  of  infection  (MOI)  of  1.  Virus  was  adsorbed 
at  35'^C  for  90  minutes,  followed  by  removal  of  the  inoculum  and  three 
rinses  of  the  cell  monolayers  with  25  ml  of  HBSS.  After  the  addition 
of  50  ml  of  maintenance  medium  (Eagle's  Minimum  Essential  Medium  with 
antibiotics  but  no  serum  additives),  the  flasks  were  incubated  at 
35*^0.  On  the  basis  of  hemagglutination  (HA)  titer,  the  culture  fluids 
from  infected  cell  monolayers  were  collected,  centrifuged  at  2000  rpm 
for  10  minutes  at  4°C  and  the  supernatant  passed  through  a  0.45(im 
membrane  filter.  This  filtereil  material  was  pooled  and  2%  Human  Serum 
Albumin  (USA)  was  added.  This  pooled  material  was  divided  into  five 
50  ml  portions  for  each  temperature  (  4eC,  22'^C,  and  35"C) .  Four 


I 


portions  received  different  concentrations  of  formalin  (0.025%, 
0.05%,  0.1%,  and  0.2%)  and  the  fifth  portion  had  no  formalin.  The 
inactivating  fluids  were  held  at  the  various  temperatures  and  sam¬ 
pled  at  6,  12,  24,  48,  72,  96,  and  120  hours,  A  1  ml  sample  from 
each  portion  was  removed,  mixed  with  an  equal  volume  of  inactivated 
fetal  bovine  serum  (FBS),  frozen,  and  stored  at  -70  C  until  assayed 
by  plaquing  in  LLC-MK2  cell  monolayers.  Previous  experiments 
(Annual  Report,  1976)  have  demonstrated  that  the  0.2%  formalin  sam¬ 
ple  had  a  detrimental  effect  on  the  LLC-MK2  cells  of  the  plaquing 
system,  therefore,  another  sample  from  each  portion  was  neutralized 
with  the  required  amount  of  1%  sodium  bisulfite  (NaHS04)  and  stored 
at  -70  C  using  the  same  procedures  as  above.  The  results  of  the 
inactivation  of  the  virus  for  all  samples  are  summarized  in  Table 
XVII. 
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Table  XVII 


The  Effect  of  Temperature  and  Formalin  on  the 
Inactivation  of  DEN-2  Virus: 

Titers  of  Non- Neutralized  Formalin  Samples 

Formalin  Concentration 


Temp. 

Time 

(hrs.) 

0.0^ 

0.025% 

0.05% 

0.1% 

0.2% 

4°C 

6 

1.3x10^’* 

2.9x10^ 

1.6x10^ 

4.1x10'’ 

1.0x10^ 

12 

1.2x106 

1.9x105 

8.4x10'’ 

1.7x10'’ 

2.3x102 

24 

8.3x10^ 

1.7x10^ 

2.0x10'’ 

1.7x10^ 

<10* 

48 

9.2x105 

3.6x10“’ 

4.0x103 

1.4x10^ 

<10* 

72 

1.0x10^ 

1.4x10-^ 

8.0x10^ 

1.5xl0’ 

<10* 

96 

9.2x105 

9.1x10^ 

2.6x10^ 

1.0x10® 

<10* 

120 

7.8x105 

3.0x10^ 

1.3x10^ 

0 

- 

22°C 

6 

1.0x10^ 

5.2x10“’ 

5.2x103 

9.0x10* 

<10* 

12 

7.6x10^ 

6.5x103 

1.2x10^ 

0 

<10* 

24 

1 .0xl06 

7.5x102 

1 .0x10’ 

0 

<10* 

48 

6.1x10^ 

2.5xl0l 

0 

0 

<10* 

72 

4.4x10^ 

0 

0 

0 

ND 

96 

2.9x10^ 

0 

0 

ND 

ND 

120 

2.0x10-'’ 

0 

0 

ND 

ND 

35°C 

6 

8.6x10-'’ 

5.5x10“ 

1.5xl0” 

0 

'-10* 

12 

3.8x10-'’ 

1.5xl0l 

0 

0 

<10* 

24 

1.4x10^ 

0 

0 

0 

<10* 

48 

2.5x10'^ 

0 

0 

ND 

ND 

72 

3.8x10-^ 

0 

0 

ND 

ND 

96 

l.SxlO^ 

6.0x10* 

0 

0 

ND 

ND 

120 

♦PFU/0.2  ml 

0 

0 

ND 

ND 

> 

> 
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Table  XVII  (con'd) 


The  Effect  of  Temperature  and  Formalin  on  the 
Inactivation  of  DEN- 2  Virus: 


Titers  of  Neutralized  Formalin  Samples 


Formalin  Concentration 


Temp. 

Time 

(hrs.) 

0.0% 

0.025% 

4  C 

6 

ND 

4.2x105 

12 

ND 

l.SxloS 

24 

ND 

2.9x10^ 

48 

ND 

4.2x10^* 

72 

ND 

2.1x10'^ 

96 

ND 

7.9X10^ 

120 

ND 

4.5x10^ 

22  C  6 

ND 

5.3x10“^ 

12 

ND 

5.8x10-^ 

24 

ND 

1.1x10^ 

48 

ND 

3.5xl0l 

72 

ND 

0 

96 

ND 

0 

120 

ND 

0 

35  C  6 

ND 

2.0xl0l 

12 

ND 

1.0x10^ 

24 

ND 

0 

48 

ND 

0 

72 

ND 

0 

96 

ND 

0 

120 

ND 

0 

‘PFU/0.2  ml 

0.05% 

0.1% 

0.2% 

2.2x10^ 

4.1x10'* 

2.0  102 

6.6x10^ 

8.3x10^ 

2.5xl0' 

6.4x10'^ 

1.6x10^ 

0 

3.3x10^ 

1.4x102 

0 

1.5x10^ 

l.OxlOl 

0 

3.5x10^ 

0 

U 

1.6x102 

0 

0 

5.6x10^ 

4.0xl0l 

3.0x10^ 

1.1x10^ 

0 

0 

l.Oxlol 

0 

0 

0 

0 

0 

0 

0 

ND 

0 

ND 

ND 

0 

ND 

ND 

2.0xl0l 

3.0xl00 

l.OxlOO 

0 

0 

0 

0 

0 

0 

0 

ND 

ND 

0 

ND 

ND 

0 

ND 

ND 

0 

ND 

ND 

f; 
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As  can  be  seen  from  the  above  table,  there  is  a  good 
correlation  between  the  infectious  titers  of  the  neutralized  and 
non-neutral ized  samples.  On  the  basis  of  these  results,  a  maximum 
of  two  days  inactivation  was  selected  for  the  production  of  a  DEN-2 
vaccine.  Five  vaccines  were  made  in  which  the  temperatures  and  the 
concentrations  of  formalin  consisted  of  the  following: 

1.  4°C,  0.2%  HCHO 

2.  22°C,  0.05%  HCHO 

3.  22°C,  0.1%  HCHO 

4.  350c,  0.025%  HCHO 

5.  35°C,  0.2%  HCHO 

The  fifth  vaccine  was  included  in  this  study  to  determine 
the  effect,  if  any,  of  a  large  amount  of  formalin,  on  the  immuno- 
genicity  of  the  virus  in  terms  of  animal  protection.  The  inactiva¬ 
tion  procedure  using  0.2%  formalin  at  35”C  was  chosen  as  the  one 
most  likely  to  demonstrate  this  effect. 

Mice  (weanlings  to  four  weeks  old)  were  immunized  with 
varying  doses  of  each  vaccine  to  re-evaluate  the  number  of  doses 
required  for  protection.  For  each  vaccine,  10  mice  received  0.5  ml 
intraperitoneal ly  (IP)  on  day  0,  10  other  mice  received  0.5  ml  on 
days  0  and  7,  and  10  mice  received  three  doses  each  of  undilute, 

1/5  and  1/25  on  days  0,  7  and  21.  All  mice  were  challenged  on  day 
28  with  WP  130  strain  of  DEN- 2  virus  (Annual  Report,  1977).  The 
results  are  presented  in  Table  XVIll. 
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Table  XVIII 


Mouse  Potency  Assay  of  Various  Vaccines 
Using  Different  Inactivation  Procedures 


Inactivation  Procedure 


35°C, 0.025% 

350c, 0.2 

%  22°C,0.05% 

22°C,0.1% 

4°C,0.2% 

HCHO 

HCHO 

HCHO 

HCHO 

HCHO 

1  Dose : 

Undil. 

30* 

40 

0 

40 

30 

2  Doses: 

Undil. 

40 

20 

80 

30 

40 

3  Doses: 

Undil . 

78 

63 

71 

46 

78 

1/5 

0 

40 

20 

40 

71 

1/25 

29 

20 

13 

30 

0 

All  mice 

challenged  IC 

on  Day  28 

with  480  I. Den  doses  of  WP 

130  strain 

of  DEN- 2 

*  Percent  of  survival 


.  ( 


These  results  substantiate  the  previous  observation  that 
three  doses  of  vaccine  are  required  for  maximum  protection. 

Two  strains  of  DEN-2  virus,  WP  130  and  PR  159,  were  also 
evaluated  for  immunogenicity  in  terms  of  a  mouse  potency  assay. 
Vaccines  from  each  strain  using  the  0.05%  formalin,  22°C  inactiva¬ 
tion  procedure  were  produced  by  previously  indicated  procedures. 

At  the  same  time  the  effect  of  neutralization  of  the  formalin  with 
sodium  bisulfite  immediately  after  the  required  time  of  inactiva¬ 
tion  was  compared  to  neutralization  of  the  formalin  just  prior  to 
immunization  of  the  mice.  The  results  are  in  the  following  table. 

Table  XIX 

Comparison  of  Vaccines  Prepared  from  Two  Strains 
of  nEN-2  Virus  in  the  Mouse  Potency  Assay 


3  Doses: 

WP  130 

WP  130  N** 

PR  159 

PR  159  N 

Und. 

56* 

88 

50 

60 

1/5 

75 

60 

43 

20 

1/25 

33 

10 

40 

25 

*  Percent  of  survival 

**N=formalin  neutralized  immediately  after  the  required  time  of 
inactivation. 

All  mice  challenged  IC  on  Day  28  with  380  I.Dsq  doses  of  WP  150  strain 


The  vaccine  made  from  the  WP  130  strain  of  DEN-2  virus 
appears  to  be  more  protective  than  the  vaccine  made  from  the  PR  159 
strain.  However,  a  number  of  mice  died  from  anaphylactic  shock. 
Studies  will  be  conducted  to  attempt  to  eliminate  the  deaths  due  to 
anaphylactic  shock,  which  is  most  probably  caused  by  the  HSA  in  the 
vaccine. 

d.  Dengue  virus  type  3,  strain  CH  53489  (DEN-3)  had  undergone 
eleven  passages  in  the  certified  DBS-FRhl.-2  cells  (Annual  Report, 
1977).  A  selected  number  of  these  passages  were  assayed  for  tempe¬ 
rature  sensitivity  at  39.3‘^C  in  the  LI,C-MK2  plaquing  system.  The 
results  of  this  study  arc  presented  in  Table  XX. 
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Table  XX 


Temperature  Sensitivity  of  Selected  Passages  of  DEN-5 


Passage 

39.3°C 

EOP* 

3 

3.0 

X 

10^ 

7 

.0023 

5 

1.6 

X 

10^ 

3. 1 

X  10^ 

.0194 

7 

2.3 

X 

10^ 

5.7 

X  lOl 

.0248 

9 

3.7 

X 

10-"^ 

1.7 

X  10^ 

.0046 

10 

2.9 

X 

lO"* 

6 

.0002 

*EOP  -  Efficiency  of  Plating 


59.3°C 

35"C~ 


From  the  above  results,  it  appears  that  the  temperature 
sensitivity  of  the  virus  may  be  increasing  in  the  higher  passages. 

Since  a  plaque  assay  of  DEN-3  virus  in  these  certified 
cells  is  not  yet  possible,  the  passage  11  material  was  cloned  three 
successive  times  by  a  termiiujl  dilution  technique  in  Linbro  plates. 
Three  separate  clones  were  passaged  through  this  terminal  dilution 
technique,  thus  constituting  passages  12,  13  and  14.  Two  additio¬ 
nal  passages  in  certified  UBS-FRhL-2  cells  were  done  in  order  to 
increase  the  titer  of  each  clone.  The  following  table  shows  the 
results  of  these  two  passages. 


Table  XXI 


Passages  of  Different  Clones  of  DEN-3  Virus 
in  Certified  DBS-FRhL-2  Cells 


Clone 

Passage 

Day  of  Harvest 

Titer  (PFU/0.2  ml) 

C4B4C4 

15 

3* 

2.0  X  lOl 

7* 

1.5  X  10^ 

10 

1.9  X  10^ 

B5C1D6 

15 

3* 

2.5  X  10® 

7* 

7.5  X  102 

10 

1.8  X  10^ 

C2D5C5 

15 

3* 

1.0  X  10® 

7* 

4.7  X  10^ 

‘  10 

7.0  X  102 

C4B4C4 

16 

3* 

7.5  X  10® 

7* 

1.7  X  103 

10 

3.4  X  10^ 

B5C1D6 

16 

3* 

6.0  X  10® 

7* 

1.6  X  10^ 

10 

3.4  X  10^ 

C2D5C5 

16 

3* 

0 

7* 

7.5  X  102 

10 

1.6  X  10^ 

*Culture  fluids  harvested  and  cell  sheets  refed  with  EMEM  +  2%  FBS 


At  passage  16,  a  small  pool  of  each  clone  was  made  for 
further  studies. 

Growth  curves  in  DBS-FRhL'2  cells  were  done  for  each  clone 
at  various  temperatures.  Confluent  monolayers  of  DBS-FRhL-2  cells 
in  25  cm2  flasks  were  inoculated  with  0.2  ml  of  passage  16  from  each 
clone.  Virus  was  adsorbed  at  33”C  for  90  minutes.  After  the  addi¬ 
tion  of  5  ml  of  maintenance  medium  (l'-15  EMEM,  2%  FBS  and  0.1%  S§N), 
the  flasks  were  incubated  at  the  various  temperatures.  At  1,  2,  3, 

4,  5,  6,  7,  8,  9,  and  10  days  post-inoculation,  a  0.1  ml  sample 
from  each  flask  was  removed,  mixed  with  0.9  ml  diluent  (EMEM  +  1%  HSA) 
and  frozen  at  -60'’C.  On  days  4^7  the  flasks  were  refed  with  main¬ 
tenance  medium  after  the  0.1  ml  sample  was  removed.  Samples  were 
assayed  by  plaquing  in  LLC-MK2  cell  monolayers.  The  results  of  this 
experiment  are  shown  in  Table  XXII. 
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Table  XXII 

Growth  Curves  of  Each  DEN-3  Virus  Clone 
at  Various  Temperatures 


Days 


‘PFlI/0.2  ml 


C4B4C4 


<10^ 


iqI 


B5C1D6 


33'JC 


37°C 


<10^ 


38.5^C 


iqI 


C2D5C5 


1 

2.0 

X 

lOl* 

2.0 

X 

10^ 

1.5  X  10^ 

2 

1.8 

X 

102 

8.5 

X 

lol 

<10} 

3 

1.1 

X 

io3 

9.3 

X 

102 

<10^ 

4 

2.7 

X 

io3 

2.5 

X 

103 

5.4  X  102 

5 

5. 1 

X 

10-^ 

5.2 

X 

10^ 

9.1  X  10^ 

6 

8.2 

X 

io3 

8.5 

X 

10^ 

2.9  X  10^ 

7 

9.4 

X 

10^ 

1.1 

X 

10^* 

3.5  X  103 

8 

4.7 

X 

lO'* 

3.5 

X 

io4 

2.3  X  lo"* 

9 

3.2 

X 

lO"* 

2.2 

X 

10^ 

1.4  X  10'* 

10 

1.3 

X 

10"^ 

1.3 

X 

lo4 

8.0  X  10^ 

<10* 


2 

9.5 

X 

lol 

8.0 

X 

10^ 

1.0 

X 

10^ 

3 

5.8 

X 

io2 

9.3 

X 

io2 

4.0 

X 

loi 

4 

4.9 

X 

io2 

7.5 

X 

io2 

8.0 

X 

loi 

5 

1.7 

X 

10^ 

2.4 

X 

10-^ 

3.2 

X 

10^ 

6 

3.8 

X 

103 

4.1 

X 

lO^ 

4.7 

X 

10^ 

7 

2.2 

X 

10^ 

3.5 

X 

10^ 

4.1 

X 

10^ 

8 

4.4 

X 

104 

1.2 

X 

10^ 

1.9 

X 

10^ 

9 

9.0 

X 

10'^ 

7.5 

X 

io3 

2.7 

X 

10^ 

10 

5.9 

X 

10^ 

7.0 

X 

10-^ 

1.8 

X 

10-^ 

aoi 


2 

I.O 

X 

lOl 

<10l 

<10^ 

3 

4.5 

X 

lOl 

4.5  X 

loi 

<10^ 

4 

3.5 

X 

loi 

1.0  X 

102 

•loi 

5 

2.8 

X 

io2 

5.8  X 

102 

1.0  X  10^ 

6 

5.9 

X 

io2 

7.3  X 

10^ 

2.0  X  10^ 

7 

■  4.3 

X 

102 

7.7  X 

102 

1.5  X  10^ 

8 

2.6 

X 

lO'^ 

3.9  X 

10^ 

1.2  X  102 

9 

1.3 

X 

hP 

2.4  X 

10-^ 

1.8  X  10^ 

10 

1.0 

X 

10-’^ 

1.1  X 

10^ 

7.5  X  lOl 

The  only  clone  that  appeared  to  be  somewhat  temperature 
sensitive  at  38.5  C°was  the  C2D5C5  clone.  This  clone  also  showed 
a  slight  decrease  in  titer  at  37°C.  The  other  two  clones  showed 
basically  no  differences  in  titer  at  33°C  or  37°C  and  only  a 
slight  decrease  at  38.5°C. 

Since  C2D5C5  clone  was  the  only  one  that  showed  any  evi¬ 
dence  of  temperature  sensitivity,  this  clone  was  further  characte¬ 
rized  by  doing  a  growth  curve  in  sucklin  mouse  brains.  Suckling 
mice  were  inoculated  intracerebral ly  (1C)  with  0.02  ml  of  the 
C2D5C5  clone  and  two  mice  were  removed  daily  for  16  days,  killed 
and  frozen  whole.  On  the  day  of  assay  the  mice  were  thawed  in  a 
water  bath  and  the  brains  were  removed  with  a  syringe.  The  brain 
materials  were  diluted  with  diluent  (EMEM  +  1%  HSA)  to  make  20% 
suspensions  and  spun  at  2000  rpm  for  20  minutes.  The  supernatants 
were  assayed  in  the  LLC-MK2  plaquing  system.  The  results  are  sum¬ 
marized  in  the  following  table. 

Table  XXI 11 


Growth  Curve  of  C2D5C5  Clone  in  Suckliig  Mouse  Brain 


Day 


Titer  (PFU/0.2  ml) 


1 

<10^ 

2 

<ioi 

3 

<ioi 

4 

3.9  X  102 

5 

2.2  X  10^ 

6 

9.2  X  102 

7 

6.5  X  lO^ 

8 

6.9  X  10^ 

9 

2.2  X  10^ 

10 

3.1  X  10^ 

11 

5.6  X  10^ 

12 

1.1  X  102 

13 

9.0  X  lOl 

14 

1.5  X  10^ 

15 

<ioi 

16 

•aoi 

As  can  be  seen  from  the  above  table,  the  C2D5C5  clone  repli¬ 
cated  fairly  well  in  the  brains  of  suckling  mice.  Thus  this  clone 
does  not  appear  to  be  a  potential  candidate  vaccine  seed  strain,  es¬ 
pecially  since  a  clone  isolated  by  Dr.  Eckels  (Dept  Hazardous  Micro¬ 
biology,  WRAIR)  was  more  temperature  sensitive  and  did  not  replicate 
to  any  extent  in  the  brains  of  suckling  mice.  Therefore,  work  on 
this  clone  was  terminated. 


4.  Diagnostic  Reagents. 


As  part  of  a  continuing  effort  to  improve  the  stability 
and  reduce  the  logistic  requirements  of  diagnostic  reagents  required 
by  military  laboratories,  a  study  was  initiated  on  the  feasibility 
of  preparing  stable,  freeze-dried  diagnostic  antisera  (for  slide  ag¬ 
glutination  tests)  in  pre-packaged  single-test  units.  These  would 
be  rehydrated  and  used  i_n  situ  only  as  required  for  the  number  of 
tests  actually  to  be  accomplished  in  a  laboratory,  in  place  of  the 
present  method  which  involves  the  withdrawing  of  the  volumes  needed 
from  a  multi-test  container,  and  distribution  to  a  series  of  slides 
for  use. 


A  satisfactory  single-test  container  was  found  to  be  the 
clear,  plastic  9f-well  Linbro  Disposo-Tray  (Model  96SC-12  wells  x  8 
wells).  Six  diagnostic  antisera,  currently  prepared  and  distributed 
by  this  laboratory,  were  selected  for  testing.  For  each  of  the  six 
preparations  on  a  single  tray,  a  drop  of  antiserum  was  dispensed 
with  a  1  ml  pipette  into  the  eight  wells  in  a  single  row.  The  rows 
of  wells  between  the  serum  wells  were  filled  with  drops  of  normal 
serum  (to  serve  as  controls).  The  Linbro  trays  were  then  placed  on 
the  shelf  of  a  -60°C  mechanical  freezer  and  then  the  preparations 
were  freeze-dried  in  a  chamber  dryer.  After  drying,  one  set  of 
trays  was  placed  under  vacuum  in  a  vacuum  jar  and  the  wells  of  a 
second  set  were  sealed  with  "Scotch"  tape  to  keep  dust  and  moisture 
out.  All  trays  containing  the  freeze-dried  antisera,  together  with 
fluid  samples  of  each  of  the  six  antisera,  were  stored  at  4®C  and 
samples  of  each  were  tested  at  three  month  intervals  to  determine 
their  comparative  stabilities.  To  perform  the  test  with  the  freeze- 
dried  samples  in  the  wells,  a  row  of  wells  containing  each  of  the 
antisera  and  the  normal  serum  controls,  was  cut  from  the  trays  with 
scissors.  Fiach  of  the  freeze-dried  antisera  and  a  normal  serum  for 
each  were  rehydrated  and  mixed  with  a  drop  of  an  appropriate  suspen¬ 
sion  of  the  homologous  18  hour  bacterial  culture.  The  fluid  prepa¬ 
rations  were  tested  by  mixing  a  drop  of  serum  with  a  drop  of  the 
homologous  culture  on  a  slide.  Both  wells  and  slides  were  held  for 
two  to  three  minute  at  room  temperature  and  the  degree  of  agglutina¬ 
tion  in  each  was  then  recorded.  The  results  of  tests  performed 
after  three,  six  and  nine  months  storage  of  the  freeze-dried  prepa¬ 
rations  at  4°C  are  recorded  in  Table  XXIV. 


Tabic  XXIV 


Stability  of 

Freeze-Dried  Antisera  in 

Disposo-Tray 

Wells 

Antiserum 

Months  in  : 
0  3 

Storage 

6 

at  4  C 
9 

Salmonella  typhosa 
Fluid 

"H" 

4  + 

4  + 

4  + 

4+ 

Freeze-Dried  - 

Under  vacuum 

4  + 

4+ 

4+ 

No  vacuum 

4+ 

4+ 

4+ 

4+ 

Salmonella  schottmuelleri  "11" 
Fluid 

4  + 

4+ 

4+ 

4  + 

Freeze-Dried  - 

Under  vacuum 

4  + 

4  + 

4+ 

No  vacuum 

4+ 

4  + 

4+ 

4+ 

Shigella  boydii  5 

Fluid 

4  + 

4  + 

4+ 

4  + 

Freeze-Dried  - 

Under  vacuum 

4  + 

4  + 

4  + 

No  vacuum 

4  + 

4  + 

4  + 

4+ 

Vibrio  comma  "0" 

Fluid 

4  + 

4  + 

4+ 

4+ 

Freeze-Dried  - 

Under  vacuum 

2+ 

+ 

2+ 

No  vacuum 

2  + 

2  + 

+ 

2+ 

Escherichia  coli 

Fluid 

4+ 

4+ 

2+ 

4+ 

Freeze-Dried  - 

Under  vacuum 

4+ 

2+ 

+ 

No  vacuum 

4+ 

4  + 

2  + 

+ 

Shigella  flexneri  1 

Fluid 

4  + 

4  + 

4+ 

4  + 

Freeze-Dried  - 

Under  vacuum 

4  + 

2+ 

4  + 

No  vacuiom 

4  + 

4  + 

4  + 

4+ 

The  results  indicate  that,  with  the  exception  of  the  V^. 
comma  "0"  antiserum,  there  was  no  apparent  loss  in  agglutinability 
as  the  result  of  freeze-drying  of  the  various  preparations.  In 
addition,  all  but  the  co  1  i  antiserum  appeared  stable  over  the  nine 
month  period  of  storage  at  There  also  appears  to  be  no  advan¬ 

tage  to  storing  the  freeze-dried  preparations  under  vacuum  for  the 
nine  month  period  tested  thus  far.  Stability  tests  on  the  antisera 
will  be  continued. 
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This  pre-packaged  freeze-dried  diagnostic  antiserum  pre-  | 

paration  appears  to  be  a  feasible  way  of  providing  an  inexpensive 
and  rapid  method  for  performing  agglutination  tests.  It  reduces 

logistical  requirements  by  eliminating  the  shipment  of  bottles  of  ! 

fluid  antisera,  slides,  etc.,  which  are  now  needed  by  diagnostic  . 

laboratories  for  performing  these  tests.  1 

5.  Vaccine  Potency  Assays.  ^ 

During  the  past  year  studies  have  been  resumed  on  the  i 

development  of  a  mouse  protection  assay  as  an  iji  vivo  method  for  the 
evaluation  of  group  B  meningococcal  vaccines. 

Previous  studies  (Annual  Report,  1974)  have  demonstrated  y 

that  excellent  protection  was  afforded  Walter  Reed  ICR  mice  immuni¬ 
zed  with  meningococcal  protein  vaccines  and  subsequently  challenged 
with  virulent  Neisseria  meningitidis,  strain  B-11,  suspended  in  5% 
hog  gastric  mucin.  For  these  experiments  Walter  Reed  ICR  mice, 
weighing  13-16  gm,  were  used  for  immunization  and  the  challenge  dose 
consisted  of  approximately  3600  organisms,  which  was  equivalent  to 
approximately  180  LD5Q  doses.  The  interval  between  immunization  and 
challenge  was  seven  days.  Preliminary  sensitivity  studies  suggested 
that  4-fold  differences  in  F.DgQ  values  were  significant. 

Studies  in  our  department  and  in  the  Department  of 
Bacterial  Diseases,  WRAIR,  have  resulted  in  the  production  of  seve¬ 
ral  protein-polysaccharide  complex  vaccines  prepared  from  N.  mening¬ 
itidis,  strain  B-11,  for  possible  use  in  humans.  Thus,  it  was  of 
considerable  interest,  using  the  mouse  potency  assay,  to  investigate 
the  protective  response  of  available  vaccine  lots  in  mice  and  to 
attempt  to  correlate  the  results  with  those  found  in  humans. 

.  . Since  these  mouse  studies  were  carried  out,  however,  an 
infection  in  the  Walter  Reed  ICR  mouse  colony  necessitated  the  de¬ 
struction  of  the  colony  and  the  establishment  of  a  new  ICR  colony. 

Preliminary  virulence  titrations  revealed  that  the  newly  formed  ICR 
strain  was  considerably  more  resistant  to  meningococcal  strain  B-11 
than  was  the  original  Walter  Reed  mouse  strain.  This  was  consistent 
with  the  increased  resistance  of  these  mice  to  infection  with 
Salmonella  typhi ,  strain  Ty2. 

Previous  investigations  (Annual  Report,  1975)  have  shown 
that  the  addition  of  iron  to  substandard  lots  of  mucin  sufficiently 
enhanced  the  virulence  of  S.  typhi ,  strain  'I'y2,  to  permit  its  use  in 
mtni'tc  potency  assays  for  the  evaluation  of  tyj)hoid  vaccines. 


Because  of  the  increased  resistance  encountered  with  the 
new  ICR  mouse  colony  to  meningococcus  infection,  it  was  considered 
desirable  to  determine  whether  the  addition  of  iron  to  gastric  mucin 
would  have  a  virulence-enhancing  effect  on  meningococcus  strain  B-11 
in  these  mice. 

Iron,  in  the  form  of  ferric  ammonium  citrate,  in  increas¬ 
ing  concentrations,  was  added  to  a  5%  mucin  suspension.  Appropriate 
dilutions  of  N^.  meningitidis  strain  B-11  were  prepared  in  the  iron- 
mucin  suspensions,  and  in  mucin  alone,  and  were  injected  into  mice 
weighing  18-20  gm.  The  results  of  the  titrations  are  shown  in  Table 
XXV. 

Table  XXV 

The  Effect  of  Iron  on  the  Virulence 
of  N.  meningitidis  Strain  B-11  for  Mice 


Amount  of  Iron  (Fe'*"*"*')  Added  to  Mucin*  LDgn  Value** 

ICR  Males  ICR  Females 
No  Iron  700  Organisms  360  Organisms 

5  mg  Fe‘'"'’'*'/kg  mouse  body  weight  50  "  25  " 

20  ft  t»  If  If  ti  M  7.0  17 

20  t»  f»  ft  If  fi  It  2  0  ”  17  ” 

*  Mucin  Lot  #0347A001,  WLlson  Laboratories 
**  Calculated  by  the  Miller-Tainter  probit  method 
Ferric  Ammonium  Citrate  used  as  source  of  Fe’*"'”'' 


'ITie  results  demonstrated  that  the  addition  of  iron  to 
mucin  suspensions  did  enhance  the  virulence  of  meningococcus  strain 
B-11,  and  as  the  concentration  of  iron  was  increased,  there  was  a 
further  increase  in  virulence.  Similar  reduction  in  LD50  values 
were  obtained  when  iron  was  added  to  one  other  mucin  lot,  #96181, 
which  when  tested  in  previous  titrations  was  not  as  effective  a 
virulence  enhancer  for  strain  B-11  as  was  mucin  lot  #0347A001. 

The  usefulness  of  mucin  supplemented  with  iron  in  mouse 
potency  assays  for  meningococcal  vaccines  will  be  further  evaluated. 
Mouse  potency  assays  on  protein-polysaccharide  complex  vaccines  will 
be  performed  to  correlate  the  protection  afforded  mice  with  results 
obtained  from  human  immunization. 
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3(llj  To  study  and  define  pathogenesis  of  spontaneous  and  experimental  trypanosomiasis, 
eishmaniasis  and  sarcosporidiosis  in  a  variety  of  animal  hosts.  To  study  spontaneous 
ievere  renal  disease  and  deaths  in  colonized  and  quarantined  aotus  monkeys.  Provide 
lorphologic  pathology  support  for  wildlife  epidemiological  surveys  in  the  Trans  Amazon 
md  other  military  installations.  Provide  pathology  support  for  spontaneous  disease  and 
leaths  occurring  in  rodent  colonies  at  WRAIR.  All  projects  investigated  are  of  military 
importance  as  a  basis  for  the  understanding  of  hi’man  diseases. 

14(LI)  Studies  will  utilize  conventional  gross  and  histopathology,  clinical  pathology, 
listochemistry,  immunohistochemistry  and  electron  microscopic  techniques. 

!5(U)  77  10-78  09  The  investigative  study  of  the  role  of  disseminated  intravascular 

roagulation  in  the  pathogenesis  of  Trypanosoma  rhodesiense  infection  in  dogs  and  rats 
s  being  continued.  Ultrastructural  neuropathology  studies  of  experimental  Trypanosoma 
longolense  infection  in  African  cattle  is  being  studied.  A  study  of  the  pathology  of 
ihronic  Trypanosoma  rhodesiense  infection  in  mice  is  in  progress.  The  pathology  and 
lathogenesis  of  experimental  leishmaniasis  in  hamsters,  mystromys  and  dogs  are  being 
itudied.  A  study  to  define  the  pathogenesis  of  glomerulonephritis  induced  in  cattle  by 
larcocystis  fusiformis  is  being  investigated  in  collaboration  with  USDA  Research  Insti- 
:ute,  Beltsville,  Ml).  The  susceptibility  and  evolution  of  .Sarcocystis  suihomonis  in 
(ubhuman  primates  are  being  investigated.  The  pathology  and  pathogenesis  of  spontaneous 
lisease  with  severe  renal  injury  in  the  aotus  monkey  are  being  studied.  The  pathology 
f  IA-4-N-oxide  treated  Schistosoma  mansoni  infected  rhesus  monkeys  is  completed.  Ana¬ 
emic  lesions  which  were  identified  and  statistical  data  compiled  on  wildcaught  animals 
IS  part  of  a  large  epidemiological  survey  is  being  continued  in  the  second  phase.  For 
echnical  report,  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

Oct  77  -  30  Sep  78. 
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Background: 

To  diagnose,  define,  investigate,  compare  and  analyze  known 
and  potential  diseases  comnon  to  man  and  animals.  Special  empha¬ 
sis  will  be  focused  on  control  and  protective  methods  against  the 
occurrence  and  tissue  injury  induced  by  these  diseases.  A  major 
effort  will  be  directed  toward  defining  the  mechanistic  events 
and  reactions  at  the  cellular  and  subcellular  levels  occurring  in 
the  development  of  these  diseases.  Gross  pathology,  histopathol- 
ogy,  clinical  pathology,  ul trastructural  pathology,  histochemistry, 
and  immunohistochemistry  will  be  used. 

During  the  reporting  period  the  following  research  activi¬ 
ties  have  been  in  progress;  1)  Pathogenesis  of  Trypanosoma 
rhodesiense  infection  in  C4-deficient  guinea  pigs  and  those  with 
a  normal  complement  system;  2)  Pathogenesis  of  Trypanosoma 
rhodesiense  infection  in  dogs;  3)  The  role  of  disseminated  intra- 
vascular  coagulation  in  the  pathogenesis  of  Trypanosoma  rhodesiense 
in  rats;  4)  Pathology  of  chronic  Trypanosoma  rhodesiense  infec¬ 
tion  in  mice  (strain  C57BL/6J);  5)  Electron  microscopic  study  of 
central  nervous  system  and  renal  injuries  in  cattle  experimentally 
infected  with  Trypanosoma  conqolense;  (6)  Mystromys  albicaudatus 
as  a  laboratory  animal  model  of  South  American  cutaneous  leishma¬ 
niasis;  7)  Pathology  of  Leishmania  mexicana  infection  in  the 
golden  hamster;  8:  Pathology  of  experimental  Leishmania  donovani 
(Khartoum)  infection  in  the  cynomolgus  monkey;  (9)  Electron 
microscopic  examination  of  forms  of  Leishmania  brasil iensis  derived 
from  cultivation  in  various  axenic  media;  (lO)  Pathogenesis  of 
glomerulonephritis  induced  in  cattle  by  Sarcocystis  cruzi ;  (11) 
Transmission  of  Sarcocystis  suihomonis  from  humans  to  swine  to 
nonhuman  primates;  (12)  Pathology  of  IA-4-N-oxide  treated 
Schistosoma  mansoni  infected  rhesus  monkeys;  (13)  Effects  of  in¬ 
creased  dietary  fibers  on  zinc  and  magnesium  levels  in  human  vol- 
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unteers;  (14)  Clinical  pathology  studies  of  the  aotus  monkey; 

(15)  Etiology  of  spontaneous  glomerulonephritis  in  aotus  monkey;  » 

(16)  Pathology  in  rats  with  temporary  loss  of  the  micturation 

reflex  after  destruction  of  areas  in  the  region  of  the  locus  ^ 

coeruleus;  (17)  Pathology  of  spontaneous  coronavirus  infection 
in  dogs;  (18)  Investigation  of  thymic  necrosis  in  neonatal  mice; 

(19)  Histopathology  of  activity-stress  ulcers  in  rats;  (20) 

Experimental  investigation  of  nephrotoxic  effects  of  Diatriazoate 
in  the  rat  following  ligation  of  the  coninon  bile  duct;  (21) 

TransAmazon  epidemiological  survey;  (22)  Pathology  of  rodents  in 
a  surveillance  program;  and  (23)  Respiratory  disease  in  random 
source  canines. 

1.  Pathology  Of  Trypanosoma  rhodesiense  Infection  In  C4-Deficient 
Guinea  Pigs  And  Those  With  A  Normal  Complement  System. 

This  study  was  summarized  in  the  last  annual  report.  The 
data  has  been  analyzed  and  assembled  into  two  draft  manuscripts. 

Further  studies  on  this  model  are  not  planned. 

2.  Pathogenesis  Of  Trypanosoma  rhodesiense  In  Dogs. 

This  study  was  conducted  to  evaluate  the  gross  pathology, 
histology,  clinical  pathology,  immunopathology  and  ul trastructural 
pathology  of  Trypanosoma  rhodesiense  infection  in  the  dog  and  its 
pathogenesis. 

In  Phase  II  (chronic  infection  studies),  it  was  determined 
that  a  true  chronic  disease  could  not  be  established  with  the 
strain  of  Trypanosoma  rhodesiense  used.  However,  the  additional 
data  obtained  indicated  an  active  but  inadequate  humoral  immune 
response. 

Both  Phase  I  and  Phase  II  data  results  are  being  analyzed  for 
project  completion. 

3.  The  Role  Of  Disseminated  Intravascular  Coagulation  In  The 
Pathogenesis  Of  Trypanosoma  rhodesiense  Infection  In  The  Rat. 

In  collaboration  with  the  Department  of  Immunology,  WRAIR. 

The  effect  of  experimental  trypanosomiasis  on  coagulation  "S 
being  assessed  because  human  patients  with  Trypanosoma  rhodesiense 
infection  are  reported  to  have  developed  thrombocytopenia  with 
disseminated  intravascular  coagulation. 

Rats  injected  intraperitoneally  with  Trypanosoma  rhodesiense 
developed  acute,  severe  trypanosomiasis  and  thrombocytopenia  with- 


out  significant  changes  in  RBC  counts  or  fibrinogen  and  fibrin 
split  product  levels.  In  this  study  it  was  observed  that  the 
complement  system  is  altered  during  the  course  of  the  infection 
and  evidence  of  immune  complex  deposits  could  be  demonstrated  in 
the  kidneys.  Correlation  between  the  thrombocytopenia  and  para¬ 
sitemia  was  made. 

This  study  is  being  continued  into  a  second  phase  where  the 
coagulopathy  will  be  analyzed  in  the  chronic  disease. 

4.  Pathology  Of  Chronic  Trypanosoma  rhodesiense  Infection  In  Mice 
(strain  C57BL/6J). 

In  collaboration  with  the  Department  of  Immunology,  WRAIR. 

The  need  for  a  laboratory  rodent  model  to  study  chronic 
Trypanosoma  rhodesiense  infection  is  well -recognized  and  well- 
publ icized.  Recently  it  was  determined  by  investigators  in  the 
Department  of  Immunology,  WRAIR,  that  strain  C57BL/6J  mice  devel¬ 
oped  chronic  trypanosomiasis  when  exposed  to  Trypanosoma 
rhodesiense. 

The  current  study  employing  light  microscopy,  immunofluores¬ 
cence  microscopy,  clinical  pathology,  histochemical  and  immuno- 
histochemical  techniques,  and  immunoelectrophoresis  to  evaluate 
this  chronic  infection  is  in  progress.  Special  emphasis  is  being 
devoted  to  the  renal  injury  and  the  brain  lesions  which  usually 
develop  late  in  the  evolution  of  the  disease  in  man. 

5.  Electron  Microscopic  Study  Of  Central  Nervous  System  And 
Renal  Injuries  In  Cattle  Experimentally  Infected  With 
Trypanosoma  congolense. 

In  collaboration  with  the  WRAIR  Medical  Research  Unit  -  Kenya. 

African  trypanosomiasis  of  domesticated  cattle  is  character¬ 
ized  by  irregular  fever,  anemia,  weight  loss,  subcutaneous  edema, 
weakness,  and  death.  Death  may  follow  an  acute  illness  or  after  a 
prolonged  course  during  which  insiduous  body  wasting  and  weakness 
are  the  major  features.  The  causative  agents  in  these  trypano- 
somal  infections  have  been  Trypanosoma  congolense,  T.  vivax,  and 
T.  brucei .  Trypanosoma  brucei  is  the  type  species  for  T. 
rhodesiense  and  T.  gambiense,  the  causative  agents  of  trypanoso- 
miasis  in  man.  It  has  been  confirmed  that  T.  rhodesiense  occurs 
in  cattle  and  is  associated  with  disease  in  this  species.  The 
biologic  behavior  of  T.  congolense  differs  from  that  of  T. 
rhodesiense  in  the  bovine  host  and  hence  the  pathogenesis  of  the 
lesions  induced  by  these  respective  trypanosomes  may  differ.  By 


light  microscopy  a  definite  difference  can  be  recognized  in  the 
brain  lesions  induced  by  T.  conqolense  and  T.  rhodesiense. 

The  purpose  of  this  study  is  to  analyze  the  pathogenesis  of  T, 
congolense  induced  brain  and  kidney  injuries  and  subsequently  com- 
pare  this  with  the  pathogenesis  of  injury  induced  in  these  organs 
by  T.  rhodesiense.  Light  microscopy,  electron  microscopy,  immuno¬ 
fluorescence  microscopy,  histochemistry,  and  immunohistochemistry 
techniques  will  be  utilized  to  make  the  comparison. 

This  study  is  being  continued. 

6.  Mystromys  albicaudatus  As  A  Laboratory  Model  Of  South  American 
Cutaneous  Leishmaniasis. 

In  collaboration  with  the  Department  of  Parasitic  Diseases, 
WRAIR. 

A  sequential  evaluation  (12  weeks)  of  the  cutaneous  lesion 
induced  by  Leishmania  brazil iensis  panamanensis  in  the  Mystromys 
rat  has  been  completed.  The  initial  raised  lesion  at  the  site  of 
inoculation  increased  in  size  and  ulcerated  centrally  by  3  or  4 
weeks  post-infection  to  become  a  severe  focal  ulcerative  dermatitis. 
Secondary  infection  of  the  ulcer  by  a  variety  of  bacteria  was  com¬ 
mon.  Through  12  weeks  post- infection,  the  ulcer  increased  in  size 
to  approximately  2.0  centimeters  in  diameter  in  a  majority  of  the 
rats.  Microscopically,  the  fully  developed  cratiform  ulcer  had 
necrosis  of  epithelial  cells,  marked  proliferation  of  histocytes 
and  infiltration  of  lymphoplasmacytic  cells  at  the  periphery. 

Myriads  of  leishmanial  organisms  were  observed  in  histocytes.  The 
development  and  morphologic  character  of  this  leishmanial  induced 
lesion  in  the  Mystromys  albicaudatus  closely  mimic  the  morphogene¬ 
sis  of  the  acute  cutaneous  lesion  caused  by  this  organism  in  man. 

To  better  characterize  the  model,  additional  studies  are  planned 
to  evaluate  chronic  effects  of  L.  brazil iense  in  the  Mystromys. 

7.  Pathology  Of  Leishmania  mexicana  Infection  In  The  Golden  Hamster. 

The  histopathology  of  Leishmania  mexicana  infection  in  the 
golden  hamster  will  be  compared  with  similar  infections  by 
tropica.  L.  chagasi .  L.  donovani  and  L.  brazil iensis  in  this  rodent. 

This  study  is  currently  in  progress. 

8.  Pathology  Of  Experimental  Leishmania  donovani  (Khartoum)  Infec¬ 
tion  In  The  Cynomolgus  Monkey. 

In  collaboration  with  the  Department  of  Parasitic  Diseases  and 


the  Department  of  Biology,  WRAIR. 


This  study  was  summarized  in  the  last  annual  report.  The  data 
has  been  analyzed  and  assembled  into  two  draft  manuscripts.  Further 
studies  on  this  model  are  not  planned. 

9.  Electron  Microscopic  Examination  Of  Leishmania  brazil iensis  Forms 
Derived  From  Cultivation  In  Various  Axenic  Media. 

In  collaboration  with  the  Department  of  Parasitic  Diseases,  WRAIR. 

Human  isolates  of  brazil iensis  were  cultivated  as  both  pro- 
mastigotes  and  amastigotes  in  axenic  media.  The  ul trastructural 
morphology  of  the  forms  were  defined.  In  addition,  amastigotes  in 

infected  macrophages  and  Vero  cells  were  examined  ul trastructurally  ; 

and  compared  with  the  axenic-cultured  amastigotes.  This  study  had 

demonstrated  that  promastigotes  and  amastigotes  from  axenic  media 

were  surrounded  by  a  single  membrane,  and  furthermore,  that  axenic 

amastigotes  resembled  those  in  macrophages  and  Vero  cells.  It  is 

currently  speculated  that  the  double  membrane  previously  reported 

for  amastigotes  in  macrophages  is  of  host  cell  origin. 

The  data  are  currently  being  assembled  in  manuscript  form. 

10.  Pathogenesis  Of  Glomerulonephritis  Induced  In  Cattle  By  Sarco- 
cystis  cruzi . 

This  represents  a  col laborative  study  between  the  department 
and  the  Animal  Parasite  Institute,  USDA,  Beltsville,  MD.  This  study 
and  similar  investigations  were  initiated  upon  request  to  this  depart¬ 
ment  by  the  Animal  Parasitic  Institute. 

The  study  is  designed  to  define  the  mechanistic  causation  of  the 
glomerular  injury  induced  by  the  Sarcosystis  infection.  Difficulty 
in  analyzing  the  bovine  complement  has  been  encountered. 

11.  Transmission  Of  Sarcocystis  suihomonis  From  Humans  To  Swine  To 
Nonhuman  Primates. 

In  collaboration  with  the  Animal  Parasite  Institute,  USDA. 

Sarcocystis  suihomonis  is  a  two  vertebrate  host  protozoan  para¬ 
site  that  infect  man  and  swine.  In  man  it  causes  an  intestinal  infec¬ 
tion  that  may  be  accompanied  by  diarrhea,  vomition,  nausea,  and  pain¬ 
ful  gastrointestinal  upset.  In  swine  this  protozoan  undergoes  cyclo- 
propagative  development  within  endothelial  and  reticular  cells  and 
cysts  in  skeletal  and  cardiac  musculature  to  remain  dormant  until 
the  meat  is  consumed. 


:  rif> 


out  significant  changes  in  RBC  counts  or  fibrinogen  and  fibrin 
split  product  levels.  In  this  study  it  was  observed  that  the 
complement  system  is  altered  during  the  course  of  the  infection 
and  evidence  of  immune  complex  deposits  could  be  demonstrated  in 
the  kidneys.  Correlation  between  the  thrombocytopenia  and  para¬ 
sitemia  was  made. 

This  study  is  being  continued  into  a  second  phase  where  the 
coagulopathy  will  be  analyzed  in  the  chronic  disease. 

4.  Pathology  Of  Chronic  Trypanosoma  rhodesiense  Infection  In  Mice 
(strain  C57BL/6J). 

In  collaboration  with  the  Department  of  Immunology,  WRAIR. 

The  need  for  a  laboratory  rodent  model  to  study  chronic 
Trypanosoma  rhodesiense  infection  is  well-recognized  and  well- 
publ icized.  Recently  it  was  determined  by  investigators  in  the 
Department  of  Immunology,  WRAIR,  that  strain  C57BL/6J  mice  devel¬ 
oped  chronic  trypanosomiasis  when  exposed  to  Trypanosoma 
rhodesiense. 

The  current  study  employing  light  microscopy,  immunofluores¬ 
cence  microscopy,  clinical  pathology,  histochemical  and  immuno- 
histochemical  techniques,  and  immunoelectrophoresis  to  evaluate 
this  chronic  infection  is  in  progress.  Special  emphasis  is  being 
devoted  to  the  renal  injury  and  the  brain  lesions  which  usually 
develop  late  in  the  evolution  of  the  disease  in  man. 

5.  Electron  Microscopic  Study  Of  Central  Nervous  System  And 
Renal  Injuries  In  Cattle  Experimentally  Infected  With 
Trypanosoma  congolense. 

In  collaboration  with  the  WRAIR  Medical  Research  Unit  -  Kenya. 

African  trypanosomiasis  of  domesticated  cattle  is  character¬ 
ized  by  irregular  fever,  anemia,  weight  loss,  subcutaneous  edema, 
weakness,  and  death.  Death  may  follow  an  acute  illness  or  after  a 
prolonged  course  during  which  insiduous  body  wasting  and  weakness 
are  the  major  features.  The  causative  agents  in  these  trypano- 
somal  infections  have  been  Trypanosoma  congol ense,  T.  vivax,  and 
T.  brucei .  Trypanosoma  brucei  is  the  type  species  for  T. 
rhodesiense  and  T.  gambiense,  the  causative  agents  of  trypanoso¬ 
miasis  in  man.  It  has  been  confirmed  that  T.  rhodesiense  occurs 
in  cattle  and  is  associated  with  disease  in  this  species.  The 
biologic  behavior  of  T.  congolense  differs  from  that  of  T. 
rhodesiense  in  the  bovine  host  and  hence  the  pathogenesis  of  the 
lesions  induced  by  these  respective  trypanosomes  may  differ.  By 


the  Department  of  Biology,  WRAIR. 


This  study  was  summarized  in  the  last  annual  report.  The  data 
has  been  analyzed  and  assembled  into  two  draft  manuscripts.  Further 
studies  on  this  model  are  not  planned. 

9.  Electron  Microscopic  Examination  Of  Leishmania  brazil iensis  Forms 
Derived  From  Cultivation  In  Various  Axenic  Media. 

In  collaboration  with  the  Department  of  Parasitic  Diseases,  WRAIR. 

Human  isolates  of  U  brazil iensis  were  cultivated  as  both  pro- 
mastigotes  and  amastigotes  in  axenic  media.  The  ul trastructural 
morphology  of  the  forms  were  defined.  In  addition,  amastigotes  in 
infected  macrophages  and  Vero  cells  were  examined  ul trastructural ly 
and  compared  with  the  axenic-cul tured  amastigotes.  This  study  had 
demonstrated  that  promastigotes  and  amastigotes  from  axenic  media 
were  surrounded  by  a  single  membrane,  and  furthermore,  that  axenic 
amastigotes  resembled  those  in  macrophages  and  Vero  cells.  It  is 
currently  speculated  that  the  double  membrane  previously  reported 
for  amastigotes  in  macrophages  is  of  host  cell  origin. 

The  data  are  currently  being  assembled  in  manuscript  form. 

10.  Pathogenesis  Of  Glomerulonephritis  Induced  In  Cattle  By  Sarco- 
cystis  cruzi. 


This  represents  a  collaborative  study  between  the  department 
and  the  Animal  Parasite  Institute,  USDA,  Beltsville,  MD.  This  study 
and  similar  investigations  were  initiated  upon  request  to  this  depart¬ 
ment  by  the  Animal  Parasitic  Institute. 

The  study  is  designed  to  define  the  mechanistic  causation  of  the 
glomerular  injury  induced  by  the  Sarcosystis  infection.  Difficulty 
in  analyzing  the  bovine  complement  has  been  encountered. 

11.  Transmission  Of  Sarcocystis  suihomonis  From  Humans  To  Swine  To 
Nonhuman  Primates. 

In  collaboration  with  the  Animal  Parasite  Institute,  USDA. 


Sarcocystis  suihomonis  is  a  two  vertebrate  host  protozoan  para¬ 
site  that  infect  man  and  swine.  In  man  it  causes  an  intestinal  infec 
tion  that  may  be  accompanied  by  diarrhea,  vomition,  nausea,  and  pain¬ 
ful  gastrointestinal  upset.  In  swine  this  protozoan  undergoes  cyclo- 
propagative  development  within  endothelial  and  reticular  cells  and 
cysts  in  skeletal  and  cardiac  musculature  to  remain  dormant  until 
the  meat  is  consumed. 


Preliminary  studies  on  the  use  of  nonhuman  primates  as  an 
experimental  model  to  study  this  protozoan  parasite  have  been 
completed.  A  paper  is  being  assembled  for  publication. 

12.  Pathology  Of  IA-4-N-Oxide  Treated  Schistosome  mansoni  Infected 
Rhesus  Monkeys. 

In  collaboration  with  the  Department  of  Parasitology,  WRAIR. 

Phase  III  is  completed  and  the  data  is  being  analyzed. 

There  are  no  current  plans  for  further  efficacy  testing  of 
this  group  of  drugs  in  the  rhesus  monkey. 

13.  Effects  Of  Increased  Dietary  Fibers  On  Zinc  And  Magnesium 
Levels  In  Human  Volunteers. 

Analysis  of  data  is  complete  and  the  findings  have  been  re¬ 
ported  at  nutrition  conferences  in  Canada  and  Brazil.  No  further 
studies  are  planned. 

14.  Clinical  Pathology  Studies  Of  The  Aotus  Monkey. 

The  results  of  hematological  and  serum  chemistry  screening  of 
the  Aotus  colony  indicates  that  a  red  blood  cell  count  of  4.0x10°/ 
cm,  an  albumin  concentration  of  4.0  gm/dl ,  a  blood  urea  nitrogen 
concentration  of  25.0  mg/dl ,  and  a  creatinine  concentration  of  0.8 
mg/dl  are  abnormal  findings  for  this  species.  Using  these  criteria 
a  point  system  has  been  devised  awarding  1  point  for  each  abnormal 
value.  A  score  of  0  is  perfect  whereas  an  animal  with  a  score  of 
4  is  considered  seriously  ill.  Although  at  present  not  statis¬ 
tically  proven,  the  predictive  value  of  this  system  appears  to 
correlate  well  with  death  losses. 

Serum  electrophoretic  studio,  are  continuing  and  all  adults 
in  the  colony  have  been  examined.  Juveniles  are  being  sampled  and 
their  patterns  compared  to  the  parents.  It  appears  that  the  serum 
protein  electrophoretic  profile  is  genetically  controlled  within 
specific  karyotypes  and  several  distinct  types  have  been  recorded. 
This  data  is  being  prepared  for  publication  and  has  been  presented 
at  the  National  AALAS  meeting  in  New  York  City,  September  1978. 

Further  studies  are  being  planned  to  correlate  karyotype  and 
malaria  susceptibility  by  i£[  vitro  and  iji  vivo  methods. 

15.  Etiology  Of  Spontaneous  Glomerulonephritis  In  Aotus  Monkeys. 

In  collaboration  with  the  Division  of  Veterinary  Medicine, 


WRAIR. 


Gross  and  histopathologic  examinations  of  Aotus  monkeys 
dying  spontaneously  in  the  WRAIR  colony  continue  to  have  a  high 
incidence  of  moderate-to-severe  mesangioprol iferative  glomerulo¬ 
nephritis.  Light  microscopic,  ul trastructural ,  histochemical  and 
immunohistochemical  techniques  indicate  that  the  glomerulonephritis 
is  associated  with  immune  complex  deposition  in  the  glomeruli. 
Efforts  to  identify  the  etioTogic  agent(s)  is  being  continued.  A 
summary  report  of  the  current  status  of  this  investigation  is  being 
assembled. 

16.  Pathology  In  Rats  With  Temporary  Loss  Of  The  Micturation 

Reflex  After  Destruction  Of  Areas  In  The  Region  Of  The  Locus 

Coeruleus. 

In  collaboration  with  the  Department  of  Microwave  Research, 
WRAIR. 

This  preliminary  study  has  been  completed.  Gross  and  light 
microscopic  examinations  were  done  on  the  carcasses  and  tissues 
of  eleven  affected  rats.  No  anatomical  changes  were  observed  in 
the  urinary  tract  which  could  be  attributed  directly  to  the  des¬ 
truction  of  areas  in  the  region  of  the  locus  coeruleus.  Only 
secondary  changes  associated  with  urine  retention  and  self-inflicted 
trauma  were  seen.  Our  conclusions  are  that  further,  more  sophisti¬ 
cated  studies  are  needed  to  define  the  pathogenesis  of  the  loss  of 
the  micturation  reflex,  and  that  the  primary  change  is  neuro¬ 
physiological  rather  than  anatomical. 

17.  Pathology  Of  Spontaneous  Coronavirus  Infection  In  Dogs. 

In  collaboration  with  the  Division  of  Veterinary  Medicine, 
WRAIR. 

Binn,  et  al .  (1974)  recovered  and  characterized  the  first 
canine  coronavirus  isolated  from  fecal  specimens  of  an  epizootic 
of  diarrheal  disease  in  USAF  military  dogs  in  Germany.  Keenan  et 
al .  (1976)  studied  the  pathogenicity  of  the  Binn's  isolate  and  con¬ 
cluded  that  this  coronavirus  was  mi  1  dly  pathogenic  and  self-limiting. 

A  study  is  in  progress  to  characterize  and  evaluate  the  patho¬ 
genicity  of  an  apparently  new  strain  of  canine  coronavirus  isolated 
from  the  small  intestine  of  two  dogs  which  died  spontaneously  of 
enteritis  and  diarrhea  in  the  WRAIR  animal  colony. 

18.  Investigation  Of  Thymic  Necrosis  In  Neonatal  Mice. 


In  collaboration  with  tl"^  Division  of  Veterinary  Medicine, 
WRAIR. 

This  study  was  initiated  to  determine  the  cause(s)  responsible 
for  a  natural  outbreak  of  spontaneous  deaths  and  thymic  necrosis 
in  3  to  6  day  old  suckling  mice.  The  thymic  necrosis  was  seen  in 
13  of  14  litters  examined  during  March  and  April  1977.  Since  that 
date  no  spontaneous  thymic  necrosis  has  been  found  in  twenty 
selected  litters  of  3  to  6  day  old  mice.  Efforts  to  initiate  the 
disease  by  treating  the  mice  with  steroids  have  been  unsuccessful. 
This  study  did  indicate  that  the  thymic  necrosis  and  deaths  were 
self-limiting  in  the  colony.  Should  the  disease  and  deaths  recur 
efforts  should  be  initiated  to  determine  the  cause.  This  study 
awaits  a  recurrence  of  the  problem. 

19.  Hi stopathol ogy  Of  Activity-Stress  Ulcers  In  Rats. 

In  collaboration  with  the  Division  of  Neuropsychiatry,  WRAIR. 

The  glandular  stomachs  of  these  rats  showed  extensive  pathol¬ 
ogy,  ranging  from  mucosal  hemorrhage,  with  or  without  focal  necro¬ 
sis,  through  acute  ulcers  characterized  by  discontinuity  of  the 
muscularis  mucosa.  With  one  exception,  all  experimental  rats 
showed  this  entire  range  of  pathology,  and  in  addition,  33%  had  at 
least  one  lesion  showing  signs  of  regeneration.  Focal  erosions 
predominated,  but  all  experimental  rats  had  at  least  one  ulcer 
penetrating  the  muscular  mucosa. 

These  results  have  been  published. 

20.  Experimental  Investigation  Of  Nephrotoxic  Effects  Of  Diatri- 

zoate  In  The  Rat  Following  Ligation  Of  The  Common  Bile  Duct. 

Tissues  have  been  examined  with  the  light  microscope  without 
knowledge  of  experimental  treatment.  These  results  have  seen  sent 
to  the  principal  investigator  for  collation  with  clinical  patholo¬ 
gical  and  other  experimental  data. 

21.  TransAmazon  Epidemiological  Survey. 

In  collaboration  with  the  USAMRU-Belem. 

A  report  of  the  histopathologic  lesions  in  600  rodents,  mar¬ 
supials,  bats  and  other  miscellaneous  mammals  has  been  furnished 
the  WRAIR  Team-Belem.  Additional  tissues  are  to  be  submitted  for 
histopathologic  examination  and  analysis. 
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22.  Pathology  Of  Rodents  In  A  Surveillance  Program. 

In  collaboration  with  the  Division  of  Veterinary  Medicine, 
WRAIR. 

Gross  and  histopathologic  examinations  were  performed  on 
rats,  mice  and  guinea  pigs  culled  from  breeding  colonies  at  WRAIR. 
The  data  obtained  from  this  ongoing  study  will  be  assembled  for 
reporting  and  for  maintaining  a  quality  control  record  of  the 
breeding  colonies.  This  data  assures  the  users  of  laboratory 
animals  provided  by  WRAIR  are  of  the  highest  quality. 

23.  Respiratory  Disease  In  Random  Source  Canines. 

In  collaboration  with  the  Division  of  Veterinary  Medicine, 
WRAIR. 

The  objective  of  this  study  was  to  determine  the  cause  of 
spontaneous  respiratory  disease  in  random  source  dogs  housed  at 
WRAIR.  Gross  and  histopathologic  findings  were  annotated  and  the 
pathogenesis  of  the  respiratory  changes  were  provided  in  a  report 
format.  Two  papers  of  this  study  were  presented  at  the  28th. 
annual  meeting  of  AALAS.  The  papers  have  been  submitted  for  publ i 
cation  in  the  AALAS  journal. 
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23.  (U)  The  objective  of  this  program  is  to  develop  an  effective,  practical  vaccine 
against  African  trypanosomiasis, useful  to  both  military  and  civilian  agencies.  Re¬ 
lated  benefits  include  acquisition  of  knowledge  pertaining  to  trypanosome  immunity,  hos 
response  and  pathology  of  infection.  There  is  a  requirement  for  these  studies  which 
should  provide  a  basis  for  rational  development  of  a  vaccine  for  this  disease  which 
would  constitute  a  serious  hazard  for  military  personnel  operating  in  the  endemic  area. 
2h.  (U)  Experiments  conducted  at  WRAIR  and  in  Kenya  have  demonstrated  that  experimental 

irradiated  trypanosomes.  Rodents,  cattle, 
istant  to  a  challenging  infection  of  T. 
hieve(i  a/iainst  T.  congolense. 
the  investigators  demonstrated  that  the 
antigenic  character  of  the  parasite  population  of  T.  rhodesiense  from  an  endemic  area 
was  composed  of  perhaps  as  few  as  one  serodeme  wlii<'h  was  antigenical ly  stable  over  an 
8-year  period.  They  also  found  that  immunity  could  be  induced  to  blood  find  tsetse  fly 
(metacyclic)  forms  by  exposure  of  experimental  animals  to  a  broad  spectrum  of  antigenic 
variants  of  the  same  serodeme.  The  sterile  immunity  w;is  long  lasting.  It  is  believed 
that  these  findings  enhance  the  likelihood  of  iimnunologic  control  of  tryijanosomiasis . 
For  technical  report  see  Walter  Reel  Army  Institute  of  Research  Annual  I’rogress  Report 
1  October  19/8-30  September  1979. 
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RESEARCH  0^ I ' ON  AGAINST  AFRICAN  SLEEPING  SICKNESS 
A.  INTRODUCTKW 

African  trypanosomiasis  is  an  important  disease  of  man  and 
domestic  animals  on  the  African  continent  involving  the  area  15°  North 
-29®  South  latitude  (27) .  This  Glossina  (tsetse  fly)  infested  area 
encompasses  a  land  mass  of  approximately  4  million  square  miles.  The 
disease  of  man,  commonly  referred  to  as  African  sleeping  sickness,  is 
present  in  endemic  foci  throughout  this  area  making  it  hazardous  or 
uninhabitable  for  humans.  Insect  vectors  capable  of  transmitting  the 
human  disease,  however,  occur  over  a  greater  area  increasing  the 
potential  for  spread  of  this  disease.  Historically,  large  scale  out¬ 
breaks  occurred  following  the  introduction  of  the  trypanosomes  into  a 
previously  unexposed  population  (5,15).  During  the  period  1896-1906, 
over  half  a  million  people  died  in  the  Congo  basin  as  the  disease 
spread  from  the  mouth  of  the  river.  During  the  epidemic  of  1900-1910 
in  Uganda  near  Lake  Victoria,  an  estimated  200,000  people  were  killed 
by  the  disease.  More  recently,  in  the  1930-1940  epidemic  in  East 
Africa,  an  estimated  11,500  human  deaths  were  reported.  Epidemics 
were  followed  by  the  establishment  of  persistent  endemic  foci.  The 
current  toll  of  more  than  10,000  new  cases  reported  annually,  is  con¬ 
sidered  to  be  an  underestimate  (3,4). 

Animal  trypanosomiasis  is  far  more  widely  distributed.  It 
may  preclude  or  greatly  reduce  the  production  of  domesticated  animals 
for  food  or  draft  purposes.  This  deficit  contributes  to  nutritional 
deficiencies  and  restricts  social  development  (26). 

There  are  2  species  of  trypanosomes  which  cause  human  trypa¬ 
nosomiasis:  Trypanosoma  rhodesiense  and  Trypanosoma  gambiense.  Differ¬ 
entiation  is  based  on  the  clinical  syndrome  as  the  parasites  are 
morphologically  indistinguishable  (12,17).  The  Rhodesian  form  is  a 
more  acute  disease  which  usually  terminates  in  1-12  months  if  not 
treated.  It  is  characterized  by  recurrent  fever,  headache,  irrita¬ 
bility,  insomnia,  anemia,  local  edema  with  rapid  development  of  con¬ 
gestive  heart  failure  and  often  neurologic  disorders.  Gambian  trypa¬ 
nosomiasis  generally  follows  a  less  acute  clinical  course  but  termi¬ 
nates  fatally  when  the  central  nervous  system  (CNS)  becomes  affected. 
Clinical  features  include  marked  lymph  node  enlargement,  drowsiness, 
headache  and  ataxia.  In  some  patients  onset  of  CNS  disease  is  delayed 
2-6  years  after  demonstration  of  parasitemia. 

A  limited  number  of  relatively  toxic  drugs  administrated  by 
injection  are  available  for  treatment  of  the  disease  in  man  (1,19,20, 
21,31).  Instances  of  drug  resistance  have  been  reported  for  all  drugs 
now  in  use  (31).  Treatment  with  Suramin  (Bayer  205)  or  pentamidine  is 
fairly  effective  for  either  the  Rhodesian  or  the  Gambian  form  before 
CNS  involvement  has  occurred.  However,  because  CNS  penetration  of 
trypanosomes  may  occur  early,  additional  follow-up  treatment  with 
drugs  able  to  cross  the  blood  -  brain  barrier  is  recommended.  To 
cross  this  barrier,  the  arsenical ly  based  melaminyl  compounds  are  now 
being  used.  Hospitalization  is  required  for  therapy  because  of  the 
often  severe  nervous  irritation  and  other  toxic  effects  associated 
with  this  class  of  drugs  (20,31). 


Control  of  the  disease  has  been  directed  toward  reduction  of 
contact  between  flies  and  man  and  by  chemoprophylaxis.  Fly  numbers 
have  been  reduced  by  bush  clearing  and  insecticide  application.  Avoid¬ 
ance  of  endemic  areas  has  been  practiced,  though  population  movements 
away  from  such  areas  may  be  responsible  for  early  dissimination  of  the 
human  reservoir  (14). 

Chemoprophylaxis  has  been  widely  used  in  West  and  Central 
Africa  with  pentamidine  being  the  drug  of  choice.  Because  of  its 
serum  binding  property,  pentamidine  prophylaxis  for  the  Gambian  type 
is  effective  for  at  least  6  months  (23) .  Suramin  also  has  prophala- 
ctic  properties  for  approximately  3  months  but  because  of  its  nephro¬ 
toxicity  and  lack  of  effectiveness  for  the  Gambian  form,  its  usage  has 
been  restricted.  In  any  case,  following  the  introduction  of  trypano¬ 
somiasis  into  a  new  area  it  continues  in  an  endemic  form  irrespective 
of  the  control  measures  used  (S,1S). 

The  study  of  immunologic  aspects  of  the  disease  which  could 
possibly  lead  to  a  means  of  control  have  received  increasing  attention 
in  recent  years.  Several  workers  have  had  limited  success  in  immuni¬ 
zing  animals  using  killed  suspensions  of  trypanosomes  (13,22)  or 
extracts  of  tiTpanosomes  as  immunogens  (2,28).  Recent  experiments  have 
shown  that  immunity  can  be  induced  in  rodents,  cattle  and  monkeys 
against  blood  form  trypanosomes  by  immunization  with  live  parasites 
attenuated  by  ionizing  radiation  (8,29).  Experimental  work  with 
T.  congolense  and  T.  brucei  has  not  been  as  promising.  Attempts  to 
immunize  cattle  with  irradiated  parasites  did  not  result  in  a  sterile 
immunity  but  immunized  animals  mounted  a  humoral  response  and  prepatent 
periods  were  extended  (6,7).  A  major  problem  with  the  irradiated 
vaccine  model  is  that  immune  animals  are  not  protected  against  hetero¬ 
logous  strain  or  variant  challenge  (30)  and  no  information  xists  on 
whether  these  animals  are  protected  from  a  natural  tsetse  tl;/  challenge. 

Our  studies  describe  immunization  trials  with  T.  congolense 
in  bovines  in  the  laboratory.  We  also  report  on  a  field  study,  which 
has  taken  place  over  the  last  8  years,  in  which  we  determined  the 
antigenic  similarities  of  T.  rhodesiense  occurring  in  an  endemic  area 
of  western  Kenya. 


MATERIALS  AND  METHODS 


Trypanosoma  rhodesiense  serodemes  in  Lambwe  Valley 

To  determine  the  antigenic  composition  and  number  of  sero¬ 
demes  active  in  an  endemic  area  (Lambwe  Valley) ,  isolates  of  T. 
rhodesiense  were  collected  from  patients  at  the  Homa  Bay  Hospital  near 
Lake  Victoria,  western  Kenya,  by  members  of  the  Kenya  Medical  Depart¬ 
ment.  Blood  samples  from  the  patients  were  then  injected  intraperi- 
toneally  into  rats  and  transported  to  our  laboratory  in  Nairobi  for 
study.  The  trypanosome  isolates  were  tested  by  neutralization  (25) 
with  two  separate  antisera.  The  antisera  were  developed  by  long  term 


infection  of  two  bovines,  one  with  an  isolate  collected  in  1972  and 
the  other  with  an  isolate  obtained  in  1974.  The  duration  of  the 
infection  in  these  animals  was  227  and  279  days,  respectively.  To 
date,  45  T.  rhodesiense  isolates  over  8-year  period  have  been  tested. 

Acquired  immunity  to  trypanosomiasis 

Animals  -  Bovines  used  in  these  studies  were  a  predominantly  Hereford 
breed  and  obtained  from  the  Veterinary  Department  at  Kabete  or  from 
other  trypanosomiasis  free  areas  of  Kenya.  All  animals  were  dipped  or 
sprayed  with  an  acaracide  weekly  and  received  periodic  treatment  with 
Ranizole  (Merck  Sharpe  and  Dohme,  B.V.,  Haarlem  -  Netherlands)  to 
limit  helminthic  infections.  During  periods  of  poor  pasture  supple¬ 
mental  food  was  provided. 

Parasites  -  The  Trans-Mara  I  strain  of  T.  congolense  was  used  in  these 
experiments.  It  was  first  isolated  from  an  infected  bovine  in  the 
Trans-Mara  area  near  the  Kenya-Tanzania  border  in  1966  and  has  sub¬ 
sequently  been  maintained  in  stabilate  form  at  -80°  with  occasional 
passage  in  bovines  or  rodents.  White  albino  mice  obtained  from  the 
Veterinary  Laboratory  rearing  facility  were  infected  with  this  stabi¬ 
late.  When  parasitemias  reached  satisfactory  levels  the  mice  were 
anesthetized  with  ether  and  bled  by  cardiac  puncture.  Trypanosomes 
were  counted  in  a  hemocytometer  and  diluted  with  phosphate  buffered 
saline  (pH  7.8)  containing  5%  glucose  and  10%  fetal  calf  serum. 

Induction  of  immunity  to  blood  form  trypanosomes  -  Bovines  were 
infected  intravenously  with  IxlO'*  trypanosomes  per  SOOLb  body  weight 
unless  otherwise  noted.  When  animals  became  weak,  severely  anemic, 
and  were  hear  death,  treatment  was  initiated  with  Berenil  (Farbwerke 
Hoechst,  Frankfurt  (M)  Germany)  at  levels  of  l.OSg  or  2.10g  active 
ingredient  per  660Lb  of  body  weight.  This  procedure  of  infection  and 
therapeutic  cure  was  repeated  until  these  animals  were  resistant  to  an 
intravenous  challenge  of  1x10“^  trypanosomes  per  SOOLb  body  weight. 

Tsetse  fly  challenge  -  Infected  adult  Glossina  morsitans  were  used  to 
induce  metacyclic  infection.  The  tsetse  fly  colony  was  established 
from  shipments  of  puparia  supplied  by  Dr.  A.M.  Jordan,  Tsetse  Research 
Laboratories,  Bristol,  England.  Standard  rearing  procedures  were 
utilized  (16) .  Newly  emerged  (<24  hours  post-emergence)  flies  were 
allowed  to  feed  on  a  bovine  infected  with  the  Trans-Mara  I  strain  of 
T.  congolense.  They  were  exposed  to  the  donor  animal  each  morning  for 
14  consecutive  days  and  then  allowed  to  feed  for  15  consecutive  days  on 
each  of  two  non-infected  animals.  Infection  in  flies  was  verified 
by  dissecting  proboscis,  midguts  and  salivary  glands  from  a  random 
sample  of  flies.  Infected  flies  were  allowed  to  feed  on  cattle  immune 
to  syringe  challenge  with  blood  stage  trypanosomes  of  T.  congolense 
and  control  animals  not  previously  exposed  to  T.  congolense.  Each 
animal  received  an  average  of  468  tsetse  fly  bites  over  a  two  day 
period. 


Monitoring  of  infections  -  The  temperatures,  parasite  levels  and  hema¬ 
tologic  parameters  of  experimental  animals  were  monitored.  Blood  for 
Giemsa  stained  thick  and  thin  films  were  obtained  from  the  tip  of  the 
tail  six  days  per  week  and  blood  for  routine  hematology  was  obtained 
twice  weekly  from  the  jugular  vein  in  disodium  ethy lenediamine  tetra- 
acetic  acid  (EDTA) .  The  hematology  performed  included  erythrocyte, 
leucocyte  and  thrombocyte  counts  as  well  as  determination  of  packed 
cell  volumes  and  hemoglobin  concentrations.  Parasitemias  were  esti¬ 
mated  by  counting  the  number  of  trypanosomes  per  100  leucocytes  on 
Giemsa  stained  thick  blood  films  and  relating  these  values  to  the 
total  leucocyte  count  per  mm^. 

Verification  of  Immune  Status  -  When  animals  which  "self-cured"  or 
were  repeatedly  infected  and  cured  with  Berenil  developed  no  detect¬ 
able  parasitemia  or  clinical  evidence  of  disease  after  a  blood  induced 
challenge,  they  were  considered  immune.  Partially  immune  refers  to 
those  cinimals  whir'  received  a  single  infection  and  treatment.  Blood 
was  subinoculated  from  immune  animals  into  mice  as  an  adjunct  to 
determining  their  immune  status. 

In  conducting  the  research  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals",  as 
promulgated  by  the  Institute  of  Laboratory  Animal  Resources,  National 
Academy  of  Sciences,  National  Research  Council. 


RESULTS 


Survey  of  antigenic  specificity  of  T,  rhodesiense  -  During  the  past 
eight  years  45  isolates  of  T.  rhodesiense  were  collected  from 
patients  and  tested  against  two  different  antisera  in  an  attempt  to 
determine  the  extent  of  antigenic  variation  occurring  in  the  Lambwe 
Valley,  western  Kenya,  over  a  period  of  time.  As  can  be  seen  in 
Table  1,  antisera  against  two  different  isolates  of  T.  rhodesiense 
reacted  with  60  and  61  percent  of  the  isolates,  respectively.  Only  9 
isolates,  distributed  over  the  8-year  period,  were  not  neutralized  by 
either  antiserum. 

Immunization  Experiments  -  As  shown  in  Table  2,  there  is  a  marked  age 
resistance  to  primary  infection  with  T.  congolense  in  bovines.  Eighty- 
five  percent  of  13  animals  less  than  1  year  of  age  and  11%  of  the 
animals  between  one  and  two  years  old  survived  and  "self-cured"  the 
initial  infection.  All  animals  two  years  or  older  required  treatment 
to  survive.  No  differences  in  survival  times  were  found  between  male 
and  female  animals  of  the  same  age  group. 

Five  bovines,  25  to  54  weeks  after  "self-curing"  the  initial 
infection,  received  a  primary  challenge.  All  five  animals  were  immune 
and  showed  no  detectable  evidence  of  infection  while  the  control 
animals  became  patent  and  required  treatment  within  9  weeks  (Table  3) . 
Older  animals  did  not  "self-cure"  the  infection  and  required  treatment 
to  survive.  As  seen  in  Table  4,  nine  animals  over  one  year  of  age  that 


received  an  initial  infection  but  required  Berenil  therapy,  were 
challenged  28-128  weeks  after  treatment.  Five  of  these  animals  "self- 
cured"  and  4  required  treatment  but  at  times  extended  beyond  that  of 
the  initial  infection.  "Self-cure”  of  a  primary  challenge  seems  to  be 
dependent  on  a  longer  initial  exposure  to  the  parasite  and  rechallenge 
within  a  year  of  the  last  detectable  parasitemia.  However,  there 
was  detectable  resistance  even  in  the  animals  challenged  over  two  years 
after  the  treatment  of  the  initial  infection.  Five  of  the  animals 
which  had  either  "self-cured"  or  required  treatment  of  the  primary 
challenge  were  then  given  a  secondary  and  subsequently  a  tertiary 
challenge.  No  detectable  infections  resulted  in  the  experimental 
animals  from  either  challenge  while  controls  developed  typical  infect¬ 
ions  and  all  required  treatment. 

Twelve  bovines,  immune  or  partially  immune  to  blood  form 
trypanosomes,  were  subsequently  challenged  with  T.  congolense  infected 
G.  morsitans  (metacyclic  trypanosomes  from  tsetse  flies).  This  fly- 
bome  challenge  was  8-9  months  after  the  animal's  last  exposure  to 
blood  form  trypanosomes.  Eight  control  animals,  not  previously  exposed 
to  T.  congolense ,  were  similarly  challenged.  As  seen  in  Table  5  and 
Fig.  1,  55%  of  the  animals  immune  to  blood  stage  trypanosomes  were  also 
completely  resistant  to  metacyclic  challenge.  Though  45%  became  patent, 
they  exhibited  a  significantly  lengthened  prepatent  period  and  reduced 
parasitemia  when  compared  to  controls.  These  animals  manifested  no 
clinical  evidence  of  disease  and  ultimately,  all  "self-cured".  The 
partially  immune  animals  which  had  received  only  a  single  exposure  to 
blood  trypanosomes,  demonstrated  a  lengthened  prepatent  period  and 
reduced  parasitemia  when  compared  to  controls.  They  also  "self-cured". 
Of  the  control  group,  7  of  9  animals  required  treatment  for  survival 
while  2  "self-cured".  Tne  2  that  "self-cured"  were  1-2  years  old  and 
reflected  the  age  resistance  to  infection  previously  described. 


DISCUSSION 


Three  basic  problems  must  be  resolved  before  immunization 
could  be  considered  a  method  for  control  of  trypanosomiasis.  The  first 
is  concerned  with  the  number  and  stability  of  serodemes  persisting  in 
an  endemic  area  over  a  period  of  time.  Gray  has  shown  antigenic  simi¬ 
larities  in  both  T.  brucei  and  T.  gamb iense  isolates,  respectively, 
collected  from  various  geographic  areas  of  Nigeria  leading  one  to 
suspect  that  a  limited  number  of  serodemes  were  involved  in  each  species 
(9,10).  In  our  studies,  the  results  of  neutralization  tests  of  T. 
rhodesiense  isolates  collected  from  individuals  in  Lambwe  Valley,  over 
an  8-year  period,  showed  a  marked  similarity  of  antigenic  composition. 
Both  antisera  used  in  the  tests  neutralized  the  same  as  well  as  differ¬ 
ent  isolates  which  were  presumably,  all  variants  of  the  same  serodeme. 
The  9  isolates  which  were  not  neutralized  by  either  antiserum  may 
belong  to  the  same  or  to  one  or  more  different  serodemes.  These  find¬ 
ings  demonstrate  the  limited  diversity  and  stable  antigenic  composition 
of  the  parasite  population.  This  reduces  the  likeliiiood  that  erratic 
clianges  take  place  in  the  antigenic  character  of  trypanosomes  in  a 


given  area  and  indicates  that  a  successful  vaccine  could  retain  its 
protective  capacity  over  a  relatively  long  period  of  time. 

The  second  problem  deals  with  antigenic  variation;  a  process 
utilized  by  the  parasite  to  evade  the  hosts  immune  response  (11,18,24). 
Immunization  by  "self-cure"  or  infection  and  treatment  results  in  expo¬ 
sure  of  the  host  to  a  broad  spectrum  of  antigenic  variants.  The  pro¬ 
tection  induced  by  these  procedures  is  apparently  manifested  by  an 
anamnestic  response  to  most  of  the  antig  nic  variants  of  one  serodeme. 
IVliile  these  methods  of  immunization  are  i.j'..  practical  procedures  for 
man,  it  indicates  the  important  finding  that  a  finite  number  of  anti¬ 
genic  variants  are  produced  and  that  mutation  is  probably  not  involved 
to  a  great  degree  in  the  process  of  antigenic  variation.  Furthermore, 
it  appears  that  exposure  of  a  host  to  a  significant  proportion  of 
variants  of  a  serodeme  results  in  protection  against  the  entire  sero¬ 
deme  . 


Tile  third  and  perhaps  most  important  problem  in  the  develop¬ 
ment  of  a  vaccine  involves  the  question  of  whether  or  not  animals 
immune  to  blood  forms  are  protected  against  tsetse  fly  challenge. 

While  animals  have  been  immunized  against  antigenic  variants  by  various 
methods,  (2,6,7,8,13,28,29),  they  are  resistant  only  to  homologous 
challenge  and  their  resistance  to  tsetse  fly  challenge  has  not  been 
tested.  In  our  experiments  employing  natural  tsetse  fly  challenge  of 
animals  previously  shown  to  be  immune  to  blood  forms,  we  found  a 
marked  degree  of  immunity.  Most  immunized  animals  were  completely 
protected  and  showed  no  parasitemia  or  clinical  evidence  of  trypa¬ 
nosomiasis.  The  immunized  animals  which  became  patent  did  so  at  a 
later  time  than  controls  and  only  a  transient  low  level  parasitemia 
developed.  These  transient  parasitemias  were  not  accompanied  by 
clinical  signs.  All  controls  developed  typical  T.  congolense  infections 
characterized  by  progressive  weight  loss,  anemia,  leucopenia  and  thrombo¬ 
cytopenia. 


In  summary,  we  have  demonstrated  that  the  antigenic  character 
of  the  parasite  population  of  T.  rhodesiense  from  an  endemic  area  was 
composed  of  perhaps  as  few  as  one  serodeme  which  was  antigenical ly 
stable  over  an  8-year  period.  We  also  found  that  immunity  can  be 
induced  to  blood  and  tsetse  fly  (metacyclic)  forms  by  exposure  of 
experimental  animals  to  a  broad  spectrum  of  antigenic  variants  of  the 
same  serodeme.  The  sterile  immunity  described  in  our  studies  was  long 
lasting.  We  believe  these  findings  enhance  the  likelihood  of  immuno¬ 
logic  control  of  trypanosomiasis. 
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TABLE  1 


RESULTS  OF  NEUTRALIZATION  TESTS  OF  ISOLATES 
OF  TRYPANOSOMA  RHODES lENSE  COLLECTED  BETWEEN 
1970  AND  1978  IN  LAMBWE  VALLEY,  KENYA 


Antiservun 

No.  Isolates 
tested 

No.  Neutralized* 

Percent 

Anti  LVH-1 

45 

27 

60 

44 

27 

61 

EHs] 


Based  on  time  to  treatment  or  day  of  death. 


TABLE  5 


RESULTS  OF  CHALLENGE  BY  INFECTED  TSETSE  FLIES  OF  ANIMALS 
IMMUNIZED  AGAINST  BLOOD  FORMS  OF  TRYPANOSOMA  CONGOLENSE 


Number 

of 

Animals 

Group ^ 

RESULTS 

Median^ 
P.P.  (Days) 

No  Detectable 
infection 

Self  Cure 

Treatment 

9 

Immune 

■  180 

5 

4 

0 

3 

Partially 

Immune 

14.0 

0 

3 

0 

9 

Control 

_ 

10.0 

0 

2 

7 

1.  Immune  -  resistant  to  last  blood  challenge. 
Partially  Immune  -  one  infection  and  treatment. 

2.  Prepatent  period. 


t/. 


Figure  1 

Avarog*  doily  parasitemias  of  immune  and  control  animals  challenged  by 


Tryponosomo  eongolense 


infected  tsetse  flies(Glosino  morsitons). 

O— — O  immune  (9  animals) 

■  •  partially  immune  (3) 

controls  (9) 

Z  2  one  standard  deviation 


7  of  9  controls  required 
treatment 


TRYPANOSOMA  CONGOLENSE :  THROMBOCYTOPENIA  IN  EXPERIMENTALLY 
INFECTED  CATTLE 


INTRODUCTION 


Thrombocytopenia  has  been  reported  in  man  with  naturally 
acquired  trypanosomiasis  of  both  the  Rhodesian  (1,15)  and  Gambian 
types  (7) .  Rhesus  monkeys  and  laboratory  rats  experimentally 
infected  with  Trypanosoma  rhodesiense  also  developed  a  pronounced 
thrombocytopenia  during  the  course  of  infection  (5,17),  while 
Trypanosoma  brucei  produced  a  thrombocytopenia  in  infected  rabbits 
(8) .  This  work  describes  a  thrombocytopenia  in  cattle  infected  with 
Trypanosoma  congolense  and  the  effects  of  parasite  concentration, 
curative  chemotherapy  and  immune  status  on  thrombocyte  levels. 
Infected  cattle  were  also  studied  for  evidence  of  coagulation 
abnormalities . 


MATERIALS  AND  METHODS 


Host  Animals  -  A  total  of  32  cattle  of  a  predominantly  Hereford  breed 
which  were  obtained  from  the  Veterinary  Department  herd  at  Kabete,  or 
from  other  trypanosomiasis  free  areas  in  Kenya,  were  used  in  these 
studies.  All  animals  were  dipped  in  an  acaracide  weekly  and  received 
periodic  treatment  with  Ranizole*^  (Merck  Sharpe  and  Dohme,  B.V. , 

Haarlem  -  Netherlands)  to  limit  helminthic  infections. 

Parasites  -  The  Trans-Mara  I  strain  of  T.  congolense  which  was  isolated 
from  an  infected  cow  in  the  Trans-Mara  area  near  the  Kenya-Tanzania 
border  in  1966,  was  used  to  infect  animals.  The  strain  had  been 
stored  as  a  stabilate  in  dry  ice  and  maintained  in  cattle  by  blood 
passage.  Experimental  cattle,  in  these  experiments,  were  infected  with 
trypanosomes  obtained  from  infected  mice.  The  trypanosomes  were 
enumerated  in  a  hemocytometer  and  diluted  with  phosphate  buffered 
saline  (pH  7.8)  containing  5%  glucose  and  10%  fetal  calf  serum.  Cattle 
were  infected  intraveneously  with  1x10^  T.  congolense  per  SOOLb  body 
weight . 

Hematology  -  Blood  for  smears  was  obtained  from  the  tip  of  the  tail  six 
days  per  week  and  blood  for  thrombocyte  counts  was  obtained  from  the 
jugular  vein  in  disodium  ethylene  diamine  tetraacetic  acid  (EDTA)  usually 
twice  per  week.  Blood  for  coagulation  studies  was  mixed  with  3.8% 
sodium  citrate  solution  (9:1)  and  kept  in  an  ice  bath  before  and  after 
refrigerated  centrifugation  for  20  minutes  at  3x105g's. 

Parasitemias  were  estimated  by  counting  the  numbers  of  trypa¬ 
nosomes  per  100  leucocytes  on  thick  blood  smears  and  relating  these 
values  to  the  total  leucocyte  counts  per  mm^.  Thrombocyte  numbers 
were  determined  by  phase  microscopy  (4).  The  method  of  Quick  (13)  was 
used  for  prothrombin  determinations  and  activated  partial  thrombo¬ 
plastin  times  were  done  using  Celite^  (General  Diagnostics,  Morris 


Plains,  N.J.)  as  the  particulate  activator  (12).  The  plasma  protamine 
paracoagiilation  test  described  by  Seaman  (18)  was  modified  by  using 
0.6cc  of  test  plasma  instead  of  Icc.  Fibrinogen  levels  were  determined 
by  a  gravimetric  method  (11).  Duplicate  tests  were  done  on  all  plasma 
samples  and  the  averages  recorded. 

Chemotherapy  -  Curative  chemotherapy  was  initiated  with  Berenil 
(Farbwerke  Hoeschst,  Frankfurt  (M)  Germany)  at  a  level  of  l.OSg  active 
ingredient  per  660Lb  of  body  weight.  Animals  which  had  been  repeatedly 
infected  and  cuud,  and  which  showed  complete  or  partial  immunity 
upon  homologous  rechallenge  are  referred  to  as  being  immune  or  partially 
immune  respectively. 

In  conducting  the  research  described  in  this  report,  the 
investigators  adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,  as  promulgated  by  the  Institute  of  Laboratory  Animal  Resources, 
National  Academy  of  Sciences,  National  Research  Council. 


RESULTS 


Normal  thrombocyte  levels 

A  series  of  counts  were  made  from  normal  adult  and  immature 
cattle  during  a  two  month  period  in  order  to  establish  normal  thrombo¬ 
cyte  values  for  animals  at  this  laboratory  (Table  1) .  These  have  been 
compared  with  values  from  animals  experimentally  infected  with  T. 
congolense  in  Figures  2-5. 

Thrombocyte  levels  in  infected  animals 

The  first  experiment  compared  the  levels  of  thrombocytes  in 
14  adult  infected  and  6  control  animals  (Fig.  1).  When  infected 
animals  were  judged  to  be  near  death  they  were  treated  and  data 
collected  thereafter  are  presented  in  Figure  4.  A  thrombocytopenia 
developed  when  parasites  first  appeared  and  was  most  severe  during 
the  early  weeks  of  the  infection  when  the  level  of  parasitemia  was 
greatest.  During  this  period,  spontaneous  clumping  of  thrombocytes  in 
the  counting  chamber  was  most  prominent.  As  the  level  of  trypanosomes 
in  the  peripheral  circulation  slowly  diminished,  the  number  of  platelets 
gradually  increased,  until  levels  in  surviving  animals  had  returned 
to  normal.  The  inverse  relationship  between  parasitemia  and  thrombo¬ 
cytopenia  was  more  evident  in  the  data  for  the  individual  animals  since 
animals  with  the  highest  levels  of  trypanosomes  in  the  peripheral 
blood  had  the  most  pronounced  thrombocytopenia.  Fig.  2  shows 
the  course  of  disease  in  an  animal  with  an  acute  infection.  Thrombo¬ 
cyte  levels  decreased  to  SxlO'^mm^  soon  after  infection  and  had  recovered 
only  slightly  by  day  48  when  the  animal  was  treated.  At  the  time  of 
treatment  the  animal  was  prostrate  and  undergoing  a  convulsive  episode. 
Its  blood  appeared  to  clot  normally,  but  blood  tinged  mucous  was  found 
in  the  stool.  One  other  acutely  infected  animal  in  the  study  experie- 


need  the  same  signs  but  also  had  periorbital  edema  and  petechial  hemo¬ 
rrhages  in  the  eyelids,  sclera  and  nostrils. 

In  a  second  experiment,  6  T.  congolense  infected  calves  also 
developed  a  thrombocytopenia  when  compared  with  6  controls.  Since 
normal  thrombocyte  values  in  calves  were  higher  than  those  of  adults 
(Table  1),  the  average  levels  of  thrombocytes  in  infected  calves  were 
also  higher  than  those  of  infected  adults.  Counts  below  1x10^  per 
mra^  were  unusual  in  individual  calves  while  averages  for  the  group 
usually  did  not  go  below  2x10^  thrombocytes  per  mm^.  No  detectable 
differences  in  thrombocyte  levels  were  observed  between  sexes  in 
control  or  infected  animals. 

Animals  in  a  chronic  state  of  infection  had  fluctuating 
patterns  of  thrombocytopenia  which  were  inversely  related  to  parasite 
levels  (Fig.  3a  §  b) .  During  or  shortly  after  a  parasite  recrude- 
scense  there  were  fewer  thrombocytes,  while  during  periods  of  remission, 
values  usually  returned  to  within  normal  limits  or  higher. 

Effects  of  treatment 


Data  for  7  animals  treated  during  the  course  of  T.  congolense 
infection  are  presented  in  Fig.  4.  Thrombocyte  levels  and  parasitemia 
are  compared  4  weeks  before  and  after  treatment.  While  low  platelet 
levels  and  parasitemia  persisted  for  the  4  weeks  before  treatment,  the 
post  treatment  period  was  characterized  by  a  lack  of  parasitemia  and 
a  rapidly  rising  thrombocyte  level  which  reached  greater  than  normal 
limits  and  then  gradually  subsided.  Berenil^^  treatment  had  no  effect 
on  platelet  levels  in  3  uninfected  control  animals  studied  during  the 
same  period.  Animals  immunized  by  repeated  infection  and  cure  did 
not  develop  parasitemia  or  thrombocytopenia  while  partially  immune 
animals  developed  a  pattern  of  parasitemia  aind  thrombocytopenia  similar 
to  that  seen  in  chronic  infections. 

Coagulation  tests 

Plasma  from  six  infected  and  three  control  animals  in  experi¬ 
ment  number  1  was  tested  weekly  to  determine  prothrombin  times  and  partial 
thromboplastin  times  during  the  first  fourteen  weeks  of  infection. 

Tests  were  done  on  5  consecutive  days  during  week  eight  and  twice  per 
week  during  weeks  9  and  10.  No  significant  differences  were  found 
between  prothrombin  times  of  infected  and  control  animals  during 
this  period.  Partial  thromboplastin  times  of  the  two  groups  were 
also  similar  for  the  first  6  weeks  after  infection.  After  the  sixth 
week,  however,  values  from  plasma  collected  from  infected  animals 
showed  a  consistently  prolonged  PTT  of  from  7-18  seconds  over  those  of 
control  (Fig.  5). 


In  Fig.  6,  fibrinogen  levels  from  5  infected  animals  are  plotted 
against  18  values  from  3  normal  animals.  Although  not  severely  lowered, 
levels  in  infected  animals  were  consistently  below  those  of  controls. 


Plasma  protamine  paracoagulation  tests  were  conducted  from 
week  8  through  14  after  infection  and  all  5  infected  animals  whose 
plasma  was  tested  were  positive  on  at  least  one  occasion  during  this 
period.  Plasma  from  control  animals  was  never  positive  in  the  test 
(Table  2) . 


DISCUSSION 


Our  studies  have  shown  that  thrombocytopenia  occurs  in 
cattle  infected  with  T.  congolense.  The  inverse  relationship  found 
between  parasite  and  thrombocyte  levels  indicates  an  effect 
either  by  the  parasite  or  its  products  on  the  megakaryocytes  or  on 
the  thrombocyte  per  se.  Bone  marrow  aspirates  appeared  to  have  at 
least  a  normal  number  of  megakaryocytes  (20)  therefore,  a  suppression 
of  production  would  presumably  involve  a  slow  down  or  halt  in  budding 
or  release  of  thrombocytes  from  the  megakaryocyte.  An  interpretation 
of  our  data  point  more  to  thrombocyte  destruction  accompanied  by  an 
increased  thrombocyte  synthesis.  The  rapid  development  of  a  thrombo¬ 
cytosis  in  previously  thrombocytopenic  animals  after  curative  therapy, 
strongly  suggests  that  a  high  level  of  production  and  turnover  had 
been  in  process  throughout  the  parasitemic  phase.  The  rapidly  rising 
thrombocyte  levels  found  during  remissions  of  parasitemia  again  indicates 
an  increased  level  of  production.  Survival  times  of  Cr^^-labelled 
thrombocytes  have  also  been  shown  to  be  greatly  reduced  in  T.  congolense 
(Trans-Mara  I  strain)  infected  cattle  (Preston,  J.M.,  Kovatch,  R.M. , 
and  Wellde,  B.T. ,  unpublished  data) . 

Several  mechanisms  of  destruction,  as  the  process  responsible 
for  the  thrombocytopenia,  can  be  suggested.  Antigen-amtibody  complexes 
have  been  recognized  as  mediators  of  thrombocyte  destruction  (19). 

Immune  adherence  was  first  described  using  an  in  vitro  trypanosome 
thrombocyte  system  (14).  This  reaction  of  antibody,  complement,  and 
trypanosomes  attaching  to  a  complement  receptor  site  on  the  thrombo¬ 
cyte  surface  could  lead  to  their  increased  sequestration  and  destruction. 
Receptor  sites  on  the  thrombocyte  with  high  affinity  for  trypanosomes 
could  initiate  thrombocyte- trypanosome  association  without  the  presence 
of  antibody  or  complement.  In  a  comprehensive  series  of  experiments 
using  T.  rhodesiense  infected  rats,  however,  thrombocyte  aggregation 
occurred  when  trypanosomes  or  supernatants  from  lysed  trypanosomes 
were  added  to  thrombocyte  suspensions.  This  reaction  was  not  affected 
by  inhibitors  of  adenosine  diphosphate,  kinins  or  components  of  comple¬ 
ment,  but  was  heat  labile  ^5). 

The  relationship  between  immunopathologic  types  of  destruction 
and  that  caused  by  disseminated  intravascular  coagulation  (DIG)  is  not 
clearly  defined  since  DIG  may  also  be  initiated  by  anti gen- antibody 
complexes  (2,10,13).  Evidence  for  a  coagulopathy  has  been  found  in 
humans  with  T.  rhodesiense  infection  (1,16),  and  dogs  infected  with 
the  Trans-Mara  I  strain  of  T.  congolense  (Johnson,  A.J. ,  Dept,  of 
Pathology,  Walter  Reed  Army  Institute  of  Research,  Wash. ,  D.G.  20012, 
personal  communication).  Elevated  levels  of  fibrinogen  degradation 
products  have  been  shown  to  occur  in  T.  bruce^- infected  rabbits  (13). 


The  increased  . release  of  thromboplastic  substances  associated  with 
persistent  platelet  destruction  could  activate  coagulation  mechanisms. 
Our  findings  of  extended  partial  thromboplastin  times  between  6  and  14 
weeks  after  infection  along  with  lowered  fibrinogen  levels  and  positive 
plasma  paracoagulation  tests  indicates  that  this  occurs.  The  coagulo¬ 
pathy  in  bovines  infected  with  the  Trans-Mara  I  strain,  however,  is  not 
severe  and  we  observed  no  marked  tendency  for  hemorrhages  to  occur. 
Petechial  hemorrhages  have  been  seen  occasionally,  however,  in  the 
sclera,  nostrils  and  visceral  organs  of  acutely  infected  cattle.  Since 
the  integrity  of  the  capillary  endothelium  depends  on  an  adequate  level 
of  thrombocytes  (9),  a  more  virulent  strain  of  parasite,  by  producing 
higher  parasitemia,  might  reduce  the  thrombocyte  levels  in  cattle  to 
a  degree  associated  with  more  obvious  and  severe  bleeding.  In  man, 
thrombocyte  levels  generally  have  to  fall  below  2x10“^  per  mm^  before 
spontaneous  hemorrhage  is  likely  to  occur  and  only  8%  of  patients 
having  platelet  counts  between  levels  of  SxlO'^  to  1x10^  developed 
hemorrhages  (6) , 


While  the  etiology  of  the  thrombocytopenia  is  not  certain, 
there  may  be  a  primary  interaction  between  the  thrombocyte  and  the 
trypanosome  or  its  products  which  leads  to  thrombocyte  destruction. 

As  previously  suggested  (5)  increased  thromboplastic  activity  may 
secondarily  activate  coagulation  mechanisms  which  in  different  species 
may  lead  to  consumptive  coagulopathies  with  varying  degrees  of  severity. 
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WEEKS  OF  TRYPANOSOMA  CONGOLENSE  INFECTION 
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THROMBOCYTES  PER  mm’  X  10® 
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.  4.  The  effect  of  curative  chemotherapy  on  average 

thrombocyte  and  Trypanosoma  congolense  levels  in 
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RESULTS  OF  PLASMA  PROTAMINE  PARACOAGULATION  TESTS  ON 
TRYPANOSOMA  CONGOLENSE  INFECTED  AND  CONTROL  ANIMALS 


Control 


TRYPANOSOMA  CONGOLtNSE;  ERYTHROCYTE  SURVIVAL  IN  INFECTED 
CALVES 


INTRODUCTION 


Anemia  is  a  characteristic  of  many  salivarian  trypanosome 
infections  and  varies  in  intensity  with  the  species  of  trypanosome 
and  host.  Although  previous  studies  have  shown  that  cattle  infected 
with  Trypanosoma  congolense  rapidly  develop  a  severe  anemia  (1,8,10), 
the  mechanisms  which  produce  the  anemia  have  yet  to  be  adequately 
described.  While  some  investigators  have  suggested  that  a  hemolytic 
process  is  involved,  others  have  found  evidence  of  ineffective  erythro- 
poiesis  and  hemodilution  (1,6,8).  Working  with  Hereford  cattle 
infected  with  T.  congolense,  Wellde  et  al  (10)  described  an  anemia 
which  appeared  to  be  hemolytic  during  the  early  stages  of  infection 
when  parasitemias  were  at  high  levels.  In  animals  which  survived 
this  initial  phase,  however,  the  anemia  was  more  typical  of  that 
caused  by  decreased  or  impaired  erythropoiesis . 

Since  these  observations  were  based  on  conventional  hemato¬ 
logical  procedures,  a  series  of  experiments  using  radioisotopic  tracers 
was  designed  to  study  the  kinetics  of  the  anemia  in  the  Hereford  model. 
In  the  studies  reported  here,  autologous  erythrocytes  labelled  with 
^^Cr-sodium  chromate  were  transfused  into  control  and  infected  animals 
at  intervals  throughout  infection  in  an  attempt  to  determine  the 
relative  importance  of  hemolysis  and  hemodilution  in  the  development 
of  anemia  caused  by  T.  congolense  in  cattle. 

MATERIALS  AND  METHODS 


Experimental  design 

Four  male  Hereford  calves  were  used  in  each  of  2  separate  experi¬ 
ments.  The  calves,  which  averaged  110kg  in  weight  and  ranged  from 
6-8  months  of  age  at  the  beginning  of  the  experiments,  were  obtained 
from  a  trypanosomiasis  free  area  of  Kenya.  The  calves  were  fitted  with 
fecal  collection  bags  and  kept  indoors  in  metabolism  cages  throughout 
the  period  of  study.  Feed  consisted  of  hay  and  water  ad  libitum 
supplemented  with  a  commercial  calf  rearing  concentrate.  All  calves 
in  the  study  were  treated  with  Phenamidine  (May  and  Baker,  Dagenham, 
England)  at  a  rate  of  1.5ml/45kg  and  Terramycin  (Pfizer  International, 

New  York)  at  10mg/45kg,  4  weeks  before  experimentation.  The  calves, 
which  were  fascioliasis  free,  were  also  given  2  treatments  of  Ranizole 
(Merck  Sharpe  and  Dohme,  Hoddesdon,  England),  to  remove  any  gastro¬ 
intestinal  worms.  The  calves  were  injected  with  autologous  ^^Cr- 
labelled  erythrocytes  one  week  before  and  4,10,18  and  28  weeks  after 
infection  with  [T.  congolense .  The  animals  were  weighed  at  the  time  of 
each  injection. 

Parasitological  and  clinical  techniques 

The  Trans-Mara  I  strain  of  T.  congolense  was  used  in  these 
studies  and  its  history  has  been  previously  described  (10).  Trypanosomes 
obtained  from  infected  mice  were  enumerated  in  a  hemocytometer  and 
diluted  with  phosphate  buffered  saline  (pH  7.8)  containing  5%  glucose 
and  10%  fetal  calf  serum.  Animals  were  injected  intravenously  with 
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1x10  T,  Congo lense  per  240kg  body  weight.  Parasitemias  were 
estimated  by  counting  the  numbers  of  trypanosomes  per  100  leuco¬ 
cytes  on  thick  blood  films  and  relating  these  values  to  the  total 
leucocyte  count.  Blood  for  smears  was  obtained  each  day  from  the 
tip  of  the  tail.  Rectal  temperatures  and  clinical  observations 
were  also  made  daily. 

Hematological  methods 

Packed  cell  volumes  (PCV)  were  measured  by  the  microhema¬ 
tocrit  method.  Erythrocyte  and  leucocyte  counts  were  done  using  an 
electronic  counter  (Coulter  Electronics,  Harpenden,  England)  and  hemo¬ 
globin  levels  were  determined  by  the  cyanmethemoglobin  method  (9) . 

Radioisotopic  techniques 

Erythrocytes  were  labelled  with  ^^Cr  as  previously  described 
(3) .  Approximately  15ml  of  heparinized  erythrocytes  were  incubated 
with  2.5ml  Ci^^Cr  (high  specific  activity)  as  sodium  chromate  in 
physiological  saline  for  30  minutes  at  37“C.  After  washing  three 
times  in  physiological  saline,  the  cells  were  resuspended  in  their 
own  plasma  prior  to  injection.  A  measured  weight  of  autologous 
labelled  erythrocytes  was  injected  through  a  jugular  catheter.  Blood 
samples  were  collected  into  tubes  containing  disodium  ethylenediamine- 
tetraacetic  acid  (EDTA)  from  the  contralateral  vein  15  minutes  after 
each  injection  and  daily  thereafter.  Aliquots  of  blood  (l.Oral)  were 
diluted  to  15ml  with  0.01  N  NaOH  and  the  radioactivity  measured  on 
an  automatic  gamma  scintillation  counter  (Packard  Instruments,  Illinois). 
The  total  daily  output  of  feces  and  urine  was  also  measured  and  aliquots 
of  each  taken  for  assessment  of  radioactivity. 

Calculations 


The  blood  volumes  were  calculated  from  the  total  radioactivity 
injected  and  the  radioactivity  of  the  15  minute  post-injection  blood 
sample,  using  the  isotope  dilution  principle.  The  circulating  erythro¬ 
cyte  volume  was  derived  from  the  blood  volume  and  the  venous  hematocrit 
and  the  plasma  volume  calculated  as  the  difference  between  the  two 
values.  All  volumes  were  expressed  as  ml/kg  body  weight. 

The  apparent  erythrocyte  half-life  ^^Cr  (RBCV2)  was  obtained 
from  the  regression  equation  of  a  semi-logari thymic  plot  of  erythrocyte 
activity  against  time.  Daily  fecal  and  urinary  erythrocyte  "clearance" 
values  were  calculated  by  dividing  the  total  daily  excreted  activity 
of  each  by  the  activity  per  ml  of  erythrocytes  on  the  previous  day. 

Mean  values  quoted  in  the  test  are  given  -2  Standard  errors  (SE) . 


RESULTS 


Clinical  and  parasitological  findings 

The  prepatent  periods  ranged  from  5-7  days.  Levels  of  para¬ 
sitemia  (Fig.  1)  rose  rapidly  and  remained  at  high  levels  for  the 
first  6  weeks.  From  the  sixth  to  the  thirteenth  week  levels  gradually 
decreased  and  parasitemias  remained  at  relatively  low  levels  for  the 
remainder  of  the  experiment.  Fevers  (105'’F)  were  associated  with  the 
first  peak  of  parasitemia  and  were  observed  intermittently  thereafter. 


Transitory  inappetence  and  leauced  weight  gain  characterized  the  first 
month  of  infection.  The  intected  calves  then  became  progressively 
weaker  and  lost  weight.  Over  the  28-week  period  infected  calves  lost 
an  average  an  average  of  3.Skg  while  controls  gained  36.2kg.  All 
infected  and  control  calves  survived  the  experimental  period. 

Hematological  manifestations 

With  the  onset  of  patency,  the  PCV  of  the  parasitised  calves 
progressively  decreased  to  a  value  of  21.1-2.5%  as  compared  with 
33.1-2.1%  for  the  controls  at  10  weeks  after  infection  (Fig.  2). 

After  this  time,  there  was  a  gradual  increase  of  PCV's  until  the 
termination  of  the  study  at  28  weeks  post  infection  when  the  infected 
and  control  calves  had  values  of  27.5-1.0%  and  34.0^1.7%  respectively. 

In  general,  the  alterations  in  erythrocyte  count  and  hemoglobin 
concentrations  followed  a  pattern  similar  to  that  of  the  PCV.  However, 
there  was  a  trend  towards  an  increased  mean  corpuscular  volume  (MCV) 
and  an  increased  mean  corpuscular  hemoglobin  (MCH)  at  10  weeks  post 
infection  when  the  PCV's  were  most  severely  lowered. 

Blood,  plasma  and  circulating  erythrocyte  volumes 

The  mean  values  of  the  blood,  plasma  and  circulating  erythro¬ 
cyte  volumes  determined  throughout  the  course  of  the  experiment  are 
shown  in  Fig.  3.  During  the  initial  10  weeks  after  infection,  the 
circulating  erythrocyte  volume  fell  from  a  mean  of  19 . 5*1 . 8ml/kg  to 

10 . 3- 1 .Oml/kg  representing  a  reduction  of  47.2%.  In  contrast,  the 
plasma  volume  of  the  same  animals  increased  from  30 . 3-3. 4ml/kg  to 

39.4- 3. 3ml/kg  during  this  period  and  resulted  in  no  significant 
alteration  to  the  total  blood  volume.  Between  the  10th  and  28th  weeks 
the  circulating  erythrocyte  volume  of  the  parasitised  animals  increased 
progressively  to  14. 3*1 . 2ml/kg  while  the  blood  volume  remained  unchanged. 

^^Cr-labelled  erythrocyte  turnover  studies 

The  apparent  erythrocyte  survival  times  (^^Cr  RBC  T^/2)  for 
control  and  infected  animals  are  shown  in  Fig.  4.  In  parallel  with  the 
declining  PCV  the  apparent  survival  times  of  erythrocytes  in  the 
infected  animals  were  reduced  as  early  as  the  first  two  weeks  after 
infection  and  further  reductions  were  recorded  during  the  following  12 
weeks.  The  greatest  differences  in  apparent  survival  times  between 
infected  and  control  animals  was  found  during  the  fourth  to  the  sixth 
weeks  of  infection  when  values  for  controls  averaged  321-30  hours  as 
compared  with  128-46  hours  for  infected  animals.  After  this  period 
the  ^^Cr  RBC  values  increased  to  a  mean  of  243*43  hours  in  infected 

animals  compared  to  304-11  hours  in  the  controls  at  28  weeks  after 
infection . 


Estimates  of  the  daily  gastro- intestinal  erythrocyte  loss  by 
the  control  and  infected  calves  arc  shown  in  Table  1.  The  results 
measured  over  a  total  period  of  12  weeks  after  infection  show  no  signi¬ 
ficant  differences  between  the  two  groups. 


The  amount  of  radioactive  label  excreted  in  the  urine  of  both 
groups  of  animals  is  shown  in  Table  1.  The  values  are  expressed  as 
erythrocyte  "equivalents"  for  the  period  of  2-4  weeks  after  injection 
of  ^^Cr-labelled  cells.  The  39.5-47.Smi  daily  urinary  erythrocyte 
excretion  of  controls  is  due  to  continued  elution  of  the  label  from 
the  erythrocytes.  It  can  be  seen,  however,  that  the  loss  of  erythro¬ 
cyte  equivalents  in  the  urine  of  the  infected  animals  was  much  greater 
than  that  of  the  controls. 


DISCUSSION 


gj  Our  results  show  clearly  that  the  apparent  survival  time  of 

Cr-labelled  erythrocytes  was  greatly  reduced  in  T.  congolense 
infected  calves  when  compared  to  that  of  controls.  This  finding, 
coupled  with  that  of  excess  urinary  excretion  of  the  isotope  by 
infected  animals,  indicates  that  the  anemia  was  hemolytic  in  nature. 

While  ^^Cr-labelled  erythrocytes  have  proved  useful  for  determining 
durations  of  erythrocyte  survival  in  man  and  experimental  animals, 
chromium  elution  from  the  cells  complicates  the  calculation  of  the 
true  survival  time.  In  man  ^^Cr-labelled  erythrocytes  have  apparent 
survival  times  of  28  to  32  days  as  compared  with  life  spans  of  110-120 
days  as  determined  by  cohort  isotopic  iron  labelling  (2) .  Higher 
elution  rates  of  Slcr  are  associated  with  erythrocytes  of  domestic 
animals  and  in  our  studies  an  average  apparent  survival  span  of  331 
hours  was  found  for  26  determinations  on  4  animals.  Other  investi¬ 
gators,  using  a  ^Cr  label,  have  reported  apparent  survival  times  of 
bovine  erythrocytes  ranging  from  216  to  430  hours  C6,7). 

The  apparent  erythrocyte  survival  time  in  our  studies,  was 
shortest  during  the  early  period  of  infection  when  the  parasitemia 
was  at  the  highest  levels.  As  the  parasitemia  gradually  subsided,  the 
apparent  survival  times  and  packed  cell  volumes  increased.  In  earlier 
studies,  however,  the  inverse  relationship  between  packed  cell  volume 
and  parasitemia  was  not  evident  in  late  stages  of  the  disease  (10). 

Animals  in  those  studies  remained  severely  anemic  even  though  trypa¬ 
nosome  were  found  only  intermittently  and  at  low  levels.  This  suggests 
that  a  second  mechanism,  aside  from  increased  destruction,  perpetuated 
the  anemia  in  some  animals.  Whether  age  or  nutritional  status  play  a 
role  in  these  differing  observations  remains  to  be  determined. 

Results  presented  by  others  are  in  agreement  with  our  findings 
of  shortened  apparent  erythrocyte  survival  times  in  T.  congolense  infected 
animals.  In  a  brief  experiment,  Mamo  and  Holmes  (6)  studied  3  T. 
congolense  infected  bovines  and  3  controls  over  a  12-day  period  and 
found  a  significant  reduction  in  the  life  span  of  ^^Cr-labelled  erythro¬ 
cytes  in  the  infected  animals.  A  shortened  life  span  was  also  found 
for  syngeneic  ^ ^Cr- label  led  erythrocytes  in  T.  congolense  infected  mice 
and  was  accompanied  by  a  progressive  increase  in  osmotic  fragility  of 
erythrocytes  (4) . 

The  mechanisms  responsible  for  the  decreased  survival  span  and 
increased  destruction  of  erythrocytes  in  infected  animals  are  not  known. 

It  has  been  reported  that  immunoglobulins,  eluted  from  erythrocytes 
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obtained  from  infected  animals,  reacted  with  T.  congolense  antigens 
in  a  series  of  serological  tests  (5) .  This  evidence  suggests  that 
passive  sensitization  of  erythrocytes  by  antibody  or  more  likely, 
immune  complexes,  rendered  the  erythrocyte  more  susceptable  to 
phagocytosis.  While  it  appears  that  extrinsic  agents  act  upon  normal 
erythrocytes  to  produce  the  anemia,  the  possibility  that  at  some  stage 
of  the  infection  an  intrinsically  defective  erythrocyte  may  be  produced 
cannot  be  dismissed  as  yet. 

In  our  studies  the  packed  cell  volume  was  a  satisfactory 
indicator  of  the  degree  of  anemia,  since  no  marked  fluctuations  occurred 
in  total  blood  volumes.  Other  investigators  have  claimed  that  hemo- 
dilution  plays  an  important  role  in  the  decreased  packed  cell  volume 
and  interpretation  of  anemia  (1,6,8).  These  findings  were  not  con¬ 
firmed  by  blood  volume  determinations  using  ^^Cr-labelled  erythrocytes 
in  our  experiments. 

While  the  anemia  accompanying  T.  congolense  infections  in 
cattle  has  been  shown  to  have  an  important  hemolytic  component  we  are 
pursuing  ferrokinetic  studies  in  animals,  at  various  stages  of  infection, 
to  determine  whether  or  not  other  factors  play  a  role. 
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TABLE  1 


THE  AVERAGE*  DAILY  FECAL  AND  URINARY  EXCRETION  OF  ISOTOPE 
(EXPRESSED  IN  ML.  OF  LABELLED  ERYTHROCYTES)  BY  T.  CONGOLENSE 
INFECTED  (4)  AND  CONTROL  CALVES  (4) . 


GROUP 

FECAL  EXCRETION 

URINARY  EXCRETION 

WEEKS  AFTER  INFECTION 

WEEKS  AFTER  INFECTION 

0-4  4-8  10-14 

2-4  6-8  12-14 

INFECTED 

2.4-0. 3  2. 6-0. 6  2. 2-0. 3 

77.7-6.6  227.2-131.0  215.6-117.6 

CONTROL 

2. 0-0. 6  2. 4-0. 4  2. 6-2. 7 

39.5-2.7  43.0-  11.8  47.4-  4.3 
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2.5.  (U)  Definition  in  fjonetic  and  molecular  terms  of  the  properties  of  yene  transfer 

antigenicity,  and  virulence  of  pathogenic  enteric  bacteria  which  because  of  their 
disease  producing  capabilities,  are  of  importance  to  military  medicine  concerned  with 
the  prevention  and  treatment  of  such  infections  in  Army  personnel.  IVc  anticipate  that 
it  will  be  possible  to  genetically  modify  enteric  bacteria  to  any  desired  antigenic 
structure  and  pathogenicity  to  serve  as  vaccine  strains  or  as  tools  to  study  the 
infectious  process. 

24.  (U J  Use  of  genetic  recombination  between  strains  of  enteric  bacteria.  Wtiere 
possible,  the  genetic  results  are  extended  to  include  study  of  the  informational 
macromolecules  involved.  •- 


25.  (U)  77  10  -  78"  09  Mouse  protection  conferred  by  both  intraperitoneal  and  oral 

immunization  with  a  live  bscherichia  col  i  hybrid  expressing  .Salmonella  typhi  somatic 
antigens  against  death  from  challenge  with  a  virulent  S. typhimurium  hybrid  expressing 
S. typhi  antigens  was  significant,  but  inferior  to  that  conferred  by  immunization  with 
live  S. typhi.  Six  lactose  cat abol i z ing  plasmids  from  Salmonella  strains  clinically 
isolated  in  widely  separated  geogr.iphical  regions  of  the  U.S.A.  were  found  to  be  iden¬ 
tical  in  molecular  size,  and  to  share  all  or  most  of  their  nucleotide  sequences.  Hy¬ 
brids  were  constructed  between  col  iphage  lambd.i  and  Salmonella  phage  l’22  in  which  up  to 
40  per  cent  of  the  l’22  genome  can  be  inserted  replacing  portions  of  the  liimbda  genome. 
I'or  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 
1  Oct  77  -  .-50  .Sept  78. 
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Description 


1.  Mouse  protection  conferred  by  both  intraperitoneal  and  oral 
Immunization  with  a  live  .Escherichia  coll  hybrid  expressing 
Salmonella  typhl  somatic  antigens  was  significant  but  inferior  to 
that  conferred  by  immunization  with  live  typhl. 


2.  Six  lactose  catabolizing  plasmids  from  Salmonella  strains 
clinically  Isolated  In  widely  separated  geographical  regions  of  the 
United  States  were  found  to  be  Identical  In  molecular  size,  and  to 
share  all  or  most  of  their  nucleotide  sequences. 


3.  Hybrids  were  constructed  between  coliphage  lamba  and 
Salmonella  phage  P22  In  which  up  to  40  percent  of  the  P22  genome  was 
Inserted,  replacing  portions  of  lambda  genome. 


Progress 


1.  Mouse  protective  capabilities  of  Escherichia  coll  hybrids 
expressing  Salmonella  typhl  antigens. 


a.  We  previously  reported  using  mouse  virulent  Salmonella 
typhlmurlum  hybrids  expressing  typhl  antigens  as  challenge 
organisms  In  vaccinated  Swiss  Webster  white  mice  to  test  the  protec¬ 
tive  capabilities  of  living  and  non-living  typhoid  vaccines,,  adminis¬ 
tered  eltlier  Intrnperl  toneall  y  (i.i).)  or  oraJIv  (Aniiiial  Report, 

WRAIR,  1973,  1974,  1976,  1977).  Of  the  various  vaccines  examined, 
live  typhl  administered  I.p.  Is  the  most  effective  in  protecting 
mice  against  death  when  challenged  with  the  typhlmurlum  hybrid. 

Our  primary  concern,  however.  Is  with  evaluating  those  vaccines 
against  S.  typhl  that  are  suitable  for  human  use.  We  are  particularly 
Interested  In  examining  In  this  assay  system  the  protective  capa¬ 
bilities  of  presently  used,  as  well  as  potential,  human  typhoid 
vaccines.  We  were,  therefore,  especially  intrigued  by  the  report  of 
Kiefer  et  al.  (1)  that  mice  immunized  i.p.  with  an  Escherichia  coll 
hybrid  expressing  the  somatic  antigens  of  typhl  were  significantly 
protected  against  death  when  challenged  with  our  S.  typhlmurlum  hybrid 
which  expresses  S.  t^hl  antigens. 
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As  an  E.  coll  hybrid  of  this  type  would  seem  most  promising  for  use 
as  a  safe,  live,  oral  human  typhoid  vaccine,  we  were  Interested  In 
comparing  the  protection  It  would  confer  In  our  assay  system,  admin¬ 
istered  orally  as  well  as  l.p.,  with  that  conferred  by  live  S_,  typhl . 
Also  we  wished  to  see  whether  the  addition  of  the  ^  typhl  Vi  antigen 
to  this  J|.  coll  hybrid  (by  conjugal  gene  transfer)  would  enhance  that 
protection. 

b.  The  E.  coll  parent  strain,  F464,  (serotype  08:  K~;  H~)  and 
coll  hybrid  F1061  were  provided  by  G.  Schmidt.  E.  coll  hybrid  F1061 

is  the  product  of  a  mating  between  the  typhl  Hfr  strain  WR4000  and 
_E.  coll  F46A;  as  the  consequence  of  replacement  of  the  rfb  gene 
cluster  of  the  E.  coll  recipient  with  rfb  cluster  of  the  S.  typh.i 
donor,  E.  coll  hybrid  F1061  expresses  the  somatic  (0)  antigens  9,12 
of  typhl ,  and  lacks  coll  08  specificity.  E.  coll  hybrid  WR3078 

was  generated  by  a  mating  between  typhl  Hfr  WR4000  and  a  mellblose 
non-utilizing  (me^l)  mutant  of  E.  coll  hybrid  F1061;  it  was  selected 
for  receipt  of  the  typhl  mel  genes,  to  which  the  structual  genetic 
determinants  of  the  Vi  antigen  are  closely  j.inked,  and  it  expresses 
the  typhl  VI  antigen  in  addition  to  the  S.  typhl  somatic  antigens 
9,12.  The  derivation  of  the  typhlmurlum  hybrid  H42,  used  as  the 
challenge  organism,  has  been  described  previously  (Annual  Report  WRAIR, 
1973,1974);  It  expresses  the  9,12,  Vl,  and  d  antigens  of  S.  and 

has  a  mean  lethal  dose  of  less  than  50  organisms.  The  classical  Ty2 
strain  of  typhl  Is,  of  course,  well-known. 

c.  Organisms  to  be  used  as  live  vaccines  in  the  protection  ex¬ 
periments  were  harvested  In  phosphate  buffered  saline,  washed  three 
times,  appropriately  diluted,  and  mixed  1:1  with  a  sodium  bicarbonate 
solution  (Travenol,  57,  injection  U.S.P.)  just  prior  to  inoculation. 
Swiss  Webster  white  mice  (40  per  group),  HPB  strain,  random  bred,  16 
to  18  g  were  administered  the  live  organislms  either  l.p.  or  orally. 
Mice  immunized  l.p.  received  a  dose  of  107  organislms  suspended  in  0.5 
ml  of  solution;  the  groups  Immunized  orally  (doses  suspended  in  0.5 

ml  of  solution  and  introduced  Into  the  stomach  with  a  bent,  25  guage, 
2-lnch  needle  with  the  point  removed  and  end  smoothed  off)  received 
either  a  dose  of  10^  organisms,  or  a  dose  of  10^  organisms.  All 
animals  were  challenged  l.p.,  five  weeks  after  immunization,  with  2500 
organisms  (0.5  ml)  of  tvpnlmur ium  hybrid  H42.  Survivors  were  count¬ 
ed  after  21  days. 

d.  As  shown  in  Table  1,  l.p.  administration  of  live  £.  typhi 
Ty2  resulted  In  an  87. 5Z  survival  of  the  mice  challenged  with  j;! 
typhlmurlum  hybrid  H42,  compared  with  a  62.5%  survival  among  the  group 
immunized  l.p.  with  live  E.  coli  hybrid  F1061.  The  E.  col i  hybrid 
WR3078,  expressing  the  Vi  antigen  In  addition  to  its  S.  tyj)hi  9,12 
somatic  antigens,  showed  no  Improvement  over  E.  ^oH  hybrid  F1061,  with 
only  55%  of  the  Immunized  mice  surviving  the  challenge. 


The  failure  of  VI  antigen  addition  to  enhance  the  protective  capa¬ 
bility  of  a  hybrid  expressing  the  typhi  somatic  antigens  is 
similar  to  our  earlier  observations  with  acetone-killed  typhimurlum 
hybrids  as  vaccinating  strains,  and  it  is  consistent  with  all  of  our 
previous  findings  with  regard  to  the  Vi  antigen  in  that  we  have  yet 
to  discover  any  role  for  it  in  the  protection  conferred  in  this  system. 
The  £.  coli  parent  strain  F46A,  although  ranking  lowest,  as  expected, 
in  this  protection  comparison,  also  conferred,  suprisingly,  significant 
protection,  with  42.5%  of  the  i.p.  Inoculated  mice  surviving  challenge 
(Table  1).  Nevertheless,  in  several  repeated  experiments  with  the 
parental  and  hybrid  strains,  the  20%  difference  in  survival  percentage 
seen  here  between  _E.  coli  F464  and  the  hybrid  F1061  was  maintained 
consistently,  confirming  the  importance  of  the  typhi  somatic  antigens 
in  the  protection  observed  in  this  system. 


e.  We  had  observed  previously  a  42%  survival  among  mice  orally 
immunized  with  10^  live  S.  typhi  and  challenged  with  typhimurlum 
hybrid  H42.  As  seen  In  Table  2,  this  figure  is  almost  exactly  what 
we  obtained  with  10^  live  Ty2  administered  orally  In  the  present  study. 
However,  at  that  dose  level  with  live  orally  administered  F1061, 
although  protection  was  still  significantly  better  (P>0.01)  than  the 
control  group,  only  32.5%  of  the  Inoculated  mice  survived  challenge. 
Previously,  we  have  not  used  higher  oral  dose  levels  of  live  typhi 
than  10^  because  a  number  of  mice  die  at  higher  dosages,  particularly 
at  10^.  However,  as  the  E.  coll  hybrids  can  be  used  safely  at  the 
10^  dose,  we  went  to  the  higher  dosage  with  live  Ty2  as  well,  In  order 
to  make  the  comparison.  As  shown  In  Table  2,  oral  administration  of 
10^  live  typhi  Ty2  raised  the  level  of  protection  (%  survival)  to 
67.5%,  and  with  .the  10^  oral  dose  of  live  coll  hybrid  F1061,  the 
survival  figure  rose  to  47.5%.  The  E.  col  1  hybrid  expressing  the  VI 
antigen,  WR3078,  again  showed  no  improvement  over  F1061,  with  only 
40%  of  the  orally  immunized  (10^  dose)  mice  surviving.  Once  again,  at 
the  10^  dose,  the  E.  coll  parent  strain,  F464,  exhibited  a  significant 
(P<0.01)  level  of  protection,  with  32.5%  of  the  mice  in  that  group 
surviving . 


f.  It  Is  evident  that  the  protection  conferred  by  both  I.p. 
and  orally  administered  live  E.  coll  F1061,  although  significant  In 
these  experiments.  Is  nevertheless.  Inferior  to  that  conferred  by 
live  typhi  Ty2.  It  Is  also  evident  that  addition  of  the  VI  antigen 
to  this  hybrid  (creating  E.  coli  hybrid  WR3078)  did  not  enhance  Its 
protective  capability.  Furthermore,  in  considering  the  potential 
usefulness  of  hybrid  F1061  as  a  live,  oral,  human  typhoid  vaccine.  It 
should  be  noted  that  a  substantial  peri'entage  of  the  overall  ability  of 
that  hybrid  to  confer  protection  In  the  present  experimental  system 
derived  from  the  parent  strain,  F464,  itself,  and  it  seems  unlikely 
that  this  result  would  be  reflected  similarly  In  the  human  situation. 
Overall,  the  results  of  these  experiments  suggest  that  an  attenuated 
typhi  strain  would  be  a  more  effective  live  human  immunizing  agent 
than  an  ^ojj^l  hybrid. 


The  problem,  of  course,  is  the  underslrable  potential  of  the  typlil 
mutant  for  producing  a  systemic  infection  in  the  vaccinated  human, 
should  back  mutation  occur. 

2.  Molecular  analyses  of  plasmids  responsible  for  lactose 
catabolism  in  Salmonellae. 

a.  The  atypical  lactose  fermentation  character  of  six 
separate  clinical  Isolates  of  different  Salmonella  strains,  obtained 
from  the  stools  of  diseased  humans,  has  been  shown  by  us  previously 
to  reside  on  self-transmissible  extrachromosomal  genetic  elements 
(Annual  Report  WRATR,  1969,1974).  Our  past  studies  focused  on  (lie 
genetic  and  a  brief  molecular  characterization  of  these  extracli i o - 
mosomal  elements  (plasmids).  The  lactose  fermentation  trait  in  raoh 
of  the  six  strains  was  shown  to  reside  on  a  conjugative  plasnOii 
which  could  transfer  Itself  at  a  frequency  of  about  10“^  per  dcnor 
cell  per  hour  or  mobilize  chromosomal  gene  transfer  from  1  In  evoi y 
107  to  10®  donor  cells  per  hour.  For  molecular  characterization, 
radloactlvely-labelled  plasmid  deoxyribonucleic  acid  (ONA)  from  each 
strain  was  purified  in  cesium  chlorlde-ethidlum  bromide  gradients 
and  then  analyzed  for  iiu'tlecular  size  and  micleolide  composition. 
Initial  molecular  size  estimates  Indicated  that  the  plasmids  wer;.’  of 
a  size  between  30  and  50  megadaltons,  and  all  were  found  to  exhil-li 
a  50%  guanine  t  cytosine  base  ratio. 

b.  The  genetic  and  physical  similarities  of  these  six  plasinii) 
indicated  that  some  nucleotide  sequences  must  be  shared  by  them.  Moie 
recently  developed  techniques  allowed  us  to  examine  these  |)lasmids  in 
more  molecular  detail.  Sufficient  quantities  of  purified  pla.smbl 
deoxyribonucleic  acid  (DNA)  could  not  be  obtained  from  the  orij’.inal 
Salmonella  hosts  or  from  some  Fischer  Ich  la  col  i  transcon  jugan  l  hi:.ts, 
although  these  strains  act  as  normal  conjugal  plasmid  donors.  S i m  e 
these  lactose  degrading  plasmids  have  been  shown  to  promote  clii  omosonie 
mobilization,  it  appears  that  these  plasmids  rapidly  Integrate  into 
the  host  chromosome  in  recombinationally  proflcfent  strains.  To 
prevent  integration  and  obtain  physcially  antonomous  plasmids  foi  DNA 
extraction,  these  plasmids  were  conjugally  transferred  to  E.  col i  that 
are  chromosomally  deficient  both  In  lactose  utilization  and  general 
recombination  (i.e.  lac,  recA)  or  that  contained  a  genetic  deletion 
which  included  the  host  lac  genes  (I.e.  Mac) .  Plasmid  DNA  was 
obtained  in  sufficient  quantities  from  these  latter  E.  col_i  pre.sumal)  I  y 
because  plasmid  integration  was  prevented  from  occurring. 

c.  Plasmid  DNA  was  purified  from  Triton  X-lOO  treated 
lysozyme  induced  spheroplasts  by  CsCl-F.tBr  gradient  centrifugation 
and  subsequent  dialysis.  Purified  DNA  was  then  analyzed  for  molec¬ 
ular  size  and  relatedness  to  the  other  lac  pla.smids.  Molecular  ..izes 
were  calculated  from  plasmid  contour  length  measurements  obtained  with 
the  electron  microscope. 


All  6  plasmids  were  found  to  be  identical  in  molecular  size  (*-41 
megadaltons) ,  despite  having  been  Isolated  from  several  different 
Salmonella  species  that  had  been  obtained  from  widely  separated 
geographical  regions  of  the  United  States.  Furthermore,  these  lac 
plasmids  were  Isolated  over  a  10  year  period  between  1955  and  1965 
(See  Table  3).  Identical  genetic  behavior  as  well  as  nucleotide 
composition  and  molecular  size  of  these  plasmids  Indicates  a  close 
physical  Interrelatedness.  To  determine  Intermolecular  homology, 
these  plasmids  were  cleaved  with  both  the  EcoRI  and  Hlndlll  restric¬ 
tion  endonucleases  and  the  specific  fragments  generated  were  separated 
by  agarose  gel  electrophoresis.  All  plasmids  contained  apparently 
identical  endonuclease  generated  fragments,  indirectly  demonstrating 
that  these  lac  plasmids  share  all  or  most  of  their  nucleotide 
sequence. 

d.  These  data  stongly  suggest  that  in  the  U.S.  there  is  a 
widely  disseminated  plasmid  that  controls  lactose  catabolism  in 
Salmonella.  The  occurence  of  this  plasmid  in  many  different  Salmonella 
strains  warrants  further  examination  of  other  more  recently  isolated 
strains  for  similar  lac  plasmids  (work  that  is  in  progress)  and  a 
closer  study  of  other  lac  plasmid  controlled  properties  to  see  if 
pathogenclty  is  plasmid  associated.  Since  most  adult  humans  are  lactase 
deficient  but  lactose  tolerant,  perhaps  these  plasmids  confer  upon 
the  bacterial  host  the  capability  to  outgrow  other  non-lactose 
utilizing  organisms  in  an  environment  highly  enriched  in 
lactose , 

3.  XlmmP22dls :  a  hybrid  of  coliphage  Xwith  both  immunity  regions 
of  Salmonella  phage  P22, 

a.  We  previously  reported  the  isolation  of  an  unusual  Salmonella 
typhimur ium  hybrid  sensitive  to  both  collphage  X  and  Salmonella  phage 
P22.  This  hybrid  bacterium,  consfucted  by  mating  an  Escherichia  coli 
K-12  Hfr  donor  with  an  S.  typhimur ium  recipient,  is  an  excellent  host 
for  achieving  genetic  recombination  between  X  and  P22.  In  our  previous 
reports,  we  described  two  broad  classes  of  hybrid  phages,  those  which 
are  structurally  X-llke,  but  have  ImmC  region  of  P22,  and  those  which 
are  like  P22,  but  have  acquired  the  lmmunl<-y  region  of  X.  Although 
X  and  P22  have  gross  similarities  in  functional  organization,  these  * 
phages  have  a  striking  difference  in  their  genetic  control  of  Immunity. 
Unlike  A  which  has  a  single  immu.ilty  region  known  as  the  c  region,  two 
regions  are  necessary  for  estai;ilshment  of  immunity  to  P22.  These  two 
rr-gions  controlling  P22  immunity  are  referred  to  as  the  immC  and  the 
innni  loci  and  are  widely  separated  from  each  other  on  the  P22  genome. 

In  this  report,  we  describe  several  XimmP22  hybrids  wlilch  differ  in 
the  amount  of  P22  genome  acqui'.'ed.  Including  one  which  has  obtained 
both  P22  immunity  regions. 
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b.  The  experimental  procedure  for  obtaining  AiramP22  hybrids 
involves  the  superlnf ectlon  with  P22  of  >.  X  lysogen  of  coll-S . 
typhlmur ium  hybrid  WR4028.  With  this  procedure,  hybrids  are  then 
selected  for  inheritance  of  the  immC  marker  of  P22,  by  plating  on 
the  rough  P22-reslstant ,  X  lysogenic  derivative  of  hybrid  WR4028, 

This  strain,  WR4027  (X)adsorbs  and  plates  only  A  which  have  acquired 
the  immunity  of  P22.  The  XimmP22  hybrids  thus  obtained  were  purified 
on  WR4027  and  scored  for  the  inheritance  of  various  P22  markers  which 
have  replaced  the  functionally  related  X  genes.  The  varying  extent  of 
genetic  recombination  between  the  parental  phages  was  indicated  by  the 
Isolation  of  three  different  X 1minP?2  hybrid  phages.  All  three  of  the 
hybrids  showed  a  replacement  of  at  least  c  through  _P  genes  of  X 

with  functionally  related  P22  genes.  Hybrid  1  acquired  a  P22  segment 
extending  from  the  erf  gene  through  the  gene  12.  Hybrid  2  had  a  larger 
P22  segment  which  contains  the  P22  int  gene  in  addition  to  the 
markers  present  in  hybrid  1.  The  third  hybrid,  which  we  have  desig¬ 
nated  X JnimP22dj.s  carried  the  immi  and  the  immC  regions  of  P22,  both 
of  these  loci  being  involved  in  the  P22  system  of  bipartite  immunity. 

In  order  to  isolate  this  hybrid  type,  the  lysate,  which  results  after 
superinf ectlon  of  P22  on  WR4028  (A),  must  be  plated  on  the  doubly 
lysogenic  strain  WR4027  (A , AiramP22) .  When  this  was  done,  small  clear 
plaques  similar  to  those  of  A lmmP22  were  Isolated  at  a  frequency  of 

basis  of  their  tail  antigen  characterization  and  ability 
to  plate  on  a  P22  resistant  bacterial  strain  lysogenic  for  both  A  and 
Aj'mmP22,  the  AlmmP22dis  hybrid  exhibits  the  Immunity  system  of  P22. 

This  is  indicated  by  the  fact  that  the  Immunity  patterns  of  P22  and 
the  AlmmP22dis  hybrid  are  identical  in  all  the  Instances  where  the 
two  could  be  compared.  These  results  indicate  that  > immP22dls  carries 
the  P22  imml  region  as  well  as  the  P22  immC  region. 

c.  The  approximate  length  of  P22  DNA  that  was  substituted  in 
AlnimP22  hybrids  was  estimated  by  backcross  expc>rlments  between  these 
hybrids  and  various  P22  derivatives.  The  frequency  of  recombination 
between  various  markers  was  determined  after  mixed  phage  infection  of 
WR4028  by  plating  on  WR4028  resistant  to  A  to  select  recombinants. 

The  presence  of  individual  markers  in  the  hybrids  was  verified  by 
marker  rescue  experiments.  In  addition,  wc  employed  the  more  direct 
method  of  electron  microscope  heteroduplex  analysis  to  determine  the 
actual  physical  length  of  the  recombined  segment  in  the  individual 
hybrids.  This  procedure  makes  possible  the  correlation  of  the  resuTts 
of  the  genetic  analysis  with  the  quantitative  heteroduplex  findings. 

An  electron  microscope  heteroduplex  between  A immP22  hybrid  1  and 
wild-type  reveals  which  s>  t  t  icnc  of  the  hybrid  phage  genome  show 
homology  with  the  DNA  of  ; .  I’ortions  of  the  A immP22  DNA  molecule 
lacking  homology  \ DNA  represent  the  P22  gene  segment  substituted  in 
the  A  genome. 
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d.  In  the  heteroduplex  formed  between  hybrid  1  and  \  a  relatively 
small  P22  region,  amounting  to  about  16%  of  the  genome,  inserted 
close  to  the  right  end  of  A  is  observed  as  a  single  stranded  region 

of  non-homology.  Heteroduplexes  prepared  with  hybrid  2  revealed 
that  a  somewhat  larger  block  of  P22  genes,  totaling  about  22%  of  the 
A  genome,  was  substituted  in  this  hybrid.  Considerably  more  ex¬ 
tensive  substitution  of  P22  genes  was  observed  in  hetercduplexes  of 
A immP22dis  and  A,  wherein  approximately  40%  of  the  central  region  of 
A  was  replaced  by  P22  genes. 

e.  The  non-homologous  region  in  A immP 2 2  hybrid  1  extends  from  a 
map  position  of  66  to  82  on  the  percentage  scale  of  the  map  of  the 

A  genome.  The  two  regions  of  non-homology  are  connected  by  a  small 
segment  of  homologous  DNA.  In  A immP22dls  hybrid  2,  the  P22  segment 
extends  from  map  position  60  to  82  on  the  A  chromosome.  Again,  two 
regions  of  non-homology,  connected  by  a  short  segment  of  homologous 
DNA  are  evident.  The  A lmmP22dls  phage  DNA  has  a  non-homologous  region 

that  starts  at  map  position  42  and  extends  to  position  82.  Three 
regions  of  non-homology  in  this  hybrid  are  separated  by  two  small 
regions  of  homology.  The  non-homologous  chromosomal  region  of  this 
hybrid,  extending  further  leftward  on  the  A  genome  than  those  of  the 
other  two  hybrid  types,  goes  well  beyond  the  site  of  the  A  att  gene  and 
thus  contains  both  immi  and  immC  regions  of  P22.  The  results  of  the 
heteroduplex  studies  are  in  good  agreement  with  the  results  of  our 
genetic  experiments. 

f.  Based  on  our  genetic  mapping  and  heteroduplex  studies,  we  would 
expect  that  the  A immP22d is  hybrid  should  posses  the  typhimurium 
somatic  0-1  antigen  conversion  gene  ^  of  P22  as  well  as  tall  gene  9^ 
of  P22.  To  determine  the  presence  of  the  ^gene,  the  three  hybrid 
types  were  used  to  lysogenlze  WK4028,  and  such  lysogens  were  tested 
for  somatic  antigen  0-1  conversion  of  the  host.  As  expected,  only 
the  WR4028  (a immP22dis)  lysogen  expressed  Salmonella  somatic  antigen 
0-1  indicating  that  this  hbyrid  contains  the  P22  al  gene.  To  determine 
whether  tail  gene  9,  which  Is  located  near  the  al_  gene,  is  expressed 
during  A immP22d Is  replication,  we  employed  an  in  vitro  self-assembly 
method.  P22  heads  wltiiout  tails  were  obtained  by  growing  a  temper¬ 
ature  sensitive  P22  tail  gene  mutant  ts9,  at  elevated  temperature. 

When  the  head  preparation  was  added  to  a  lysate  of  A lmmP22dis  and  then 
plated  on  typhimurium,  a  one  million-fold  Increase  in  P22 

nlaque-f orming  activity  was  observed.  These  observations  establish  that 
tall  gene  9  of  P22  is  being  expressed  by  the  ■ immP22dls  hybrid,  although 
the  protein  coat  and  tail  of  tills  hybrid  phage  are  those  of  A. 


Summary 


1.  An  Esr.hftr ichla  coll  hybrid,  F1061,  expressing  typhl  somatic 
antigens  9,12,  and  a  derivative  of  this  hybrid,  coll  hybrid  WR3078, 
expressing  the  _S.  typhl  Vi  antigen  in  addition  to  somatic  antigens 
9,12,  were  compared  with _S.  tvphl  Ty2  in  experiments  to  test  their 
ability,  as  live  vaccines,  to  protect  Swiss  white  mice  against  death 
from  challenge  with  a  mouse  virulent  typhlmurlum  hybrid  expressing 
the  tvohl  antigens  9,12,  VI  and  d.  When  the  live,  vaccinating 
organisms  were  administered  Intraperltoneally ,  87.5%  of  the  mice 
Immunized  wlth^.  typhl  Ty2  survived  challenge,  as  compared  with  62.5% 
of  those  immunized  with  E.  coll  hybrid  F1061,  and  55%  of  those 
Inoculated  with  coll  hybrid  WR3078.  When  these  live  organisms  were 
administered  orally,  at  a  dose  of  10^,  67.5%  of  the  mice  immunized 
with _S.  typhl  Ty2  survived  challenge,  as  compared  with  47.5%  of  those 
Immunized  with  coll  hybrid  F1061,  and  40%  of  those  administered 
coll  hybrid  WR3078.  Thus,  the  protection  conferred  by  E.  coll 
hybrid  F1061  expressing  only  the  typhl  somatic  antigens,  although 
significant  In  this  system,  was  Inferior  to  that  conferred  by  typhl 
Ty2,  and  the  addition  of  the_S.  typhl  Vi  antigen  to  this  hybrid  did  not 
enhance  that  protection. 

2.  Six  lactose  catabollzing  plasmids.  Initially  observed  to  be 
harbored  in  six  separate  clinical  isolates  of  different  Salmonella 
strains,  were  conjually  transferred  to  E.  coll  strains  that  were 
genetically  deficient  both  in  lactose  utilization  ( lac)  and  general 
recombination  (recA) ,  or  that  contained  a  delection  which  included  tlie 
lac  genes.  Plasmid  deoxyribonucleic  acid  (DNA)  was  obtained  from  these 
E^  coll  strains  by  Triton  X-100  treatment  of  lysozyme- induced  spheropla  is 
followed  by  purification  on  cesium  chloride-ethldium  bromide  gradients. 
Molecular  sizes  were  calculated  from  plasmid  contour  length  measurements 
obtained  with  the  electron  microscope.  The  nucleotide  sequence 
homology  among  the  plasmids  was  assessed  by  examination  of  their 
fragmentation  patterns  following  digestion  with  restriction  endonuclease 
EcoRl  and  slab  gel  electrophoresis  in  agarose.  All  six  plasmids  were 
found  to  be  identical  in  molecular  size  (  40  megadaltons)  despite 

having  been  isolated  from  several  different  Salmonella  species  that  had 
been  obtained  from  widely  separated  geographical  regions  of  the  United 
States.  Furthermore,  these  plasmids  contained  6  Identical  EcoRl-gen- 
erated  and  4  identical  Hind  Ill-generated  fragments,  indicating  that 
the  six  plasmids  share  all  or  most  of  their  nucleotide  sequences. 

These  results  suggest  that  there  is  in  tlie  United  States  a  widely  dis¬ 
seminated  ancestral  plasmid  that  ct'Utrols  lactose  catabolism  in 
Salmonella. 
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3.  Genetically  marked  A  and  P22  phages  were  recombined  in  Escherichia 
coli-Salmonella  typhlmuriuro  hybrid  WR4028,  a  host  sensitive  to  in¬ 
fection  by  both  of  these  phages.  Hybrid  phages  that  acquired  the  immC 
region  of  P22,  but  retained  the  genes  for  the  A  protein  coat  were 
selected  on  WR4027  (A),  a  A-immune,  P22-reslstant  derivative  of 
WRA028.  In  these  AlmmP22  hybrids  at  least  c_  through  P  genes  of  Awere 
replaced  with  functionally  related  P22  genes.  Phage  recombinants  with 
more  extensive  regions  of  the  P22  genome  were  selected  on  the  double 
lysogen  WR4027  ( A , AimmP22) .  One  such  hybrid,  AimmP22dls,  was 
determined  by  heteroduplex  analysis  to  contain  approximately  40%  of 
the  P22  genome.  Genetic  studies  established  that  AiinmP22dis  pos- 
sesses  the  two  widely  separated  immunity  control  regions  of  P22 
(ImmC  and  immi) ,  and  that  these  loci  are  expressed  in  col  1  K-12 

lysogenic  for  AimmP22jis.  In  addition,  AlimnP22dis  contains  the  P22  } 

al  locus  responsible  for  somatic  0-1  antigen  conversion  in  Salmonella . 

Although  the  AimmP22dls  phage  particle  has  the  Ahead  and  tall,  the 
phage  genome  also  carries  P22  tail  gene  9  as  evidenced  by  the  pro¬ 
duction  of  free  P22  tails.  It  also  has  the  P22  att  site  as  indicated 
by  the  integration  of  the  A iinmP22dis  prophage  near  the  proA  locus 
on  the  bacterial  chromosome. 


Table  1 


Protective  capabilities  of  Intraper Itoneally  administered  live  vaccines 
in  mice  challenged  with  S.  tynhimurium  hybrid  H42^ 


Vaccinated  with 

Survivors/ 

No  Inoculated 

%  Survival 

S.  typhl  Ty2 

35/40 

87.5 

E.  coll  hybrid  F1061 

25/40 

62.5 

E.  coli  hybrid  VfR3'^78 

22/40 

55.0 

E.  coll  parent  F464 

17/40 

42.0 

Control 

1/40 

2.5 

a 

The  vaccinating  dose  was  10^  organisms,  and  the  animals  were 
challenged  i.p.  after  5  weeks  with  2500  organisms  (0.5  ml)  of  S. 
typhimurlum  hybrid  H42. 

b 

Protection  conferred  by  all  of  these  strains  is  sign  i  f  i  i-ant  ly  hotti-r 
(P''n.005)  than  the  control. 
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Table  2 


Protective  capabilities  of  orally  administered  live  vaccines  in  mlct 
challenged  with  typhimur ium  hybrid  H42® 


Vaccinated  with 

Dose 

Survivors/ 

No.  Incoulated 

%  Survival 

S.  tvphl  Tv2 

10^ 

27/40*^ 

67.5 

10^ 

17/40^ 

42.5 

E.  coli  hybrid  F1061 

10^ 

19/40*^ 

47.5 

10^ 

13/40‘' 

32.5 

E.  coll  Hybrid  WR3078 

10^ 

16/40*^ 

40.0 

10^ 

12/40^^ 

30.0 

E.  coli  parent  F464 

10^ 

13/40^^ 

32.5 

7 

10 

8/40 

20.0 

Control 

2/40 

5.0 

a 

Animals  were  challenged  i.p.  after  5  weeks  with  2500  organisms 
(0.5ml)  of  typhimur ium  hybrid  H42. 

b 

Protection  is  significantly  better  (  i’<0.005)  than  the  control. 


Protection  is  significantly  better  (P<0.01)  than  the  control. 
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Table  3 


Sunmary  of  Lactose-Fermenting  Plasmids  Studied 


Plasmid  Originial  Locale  of  Year 

Designation  Host  Strain  Isolation  Isoiat^d 


pWR20 

Salmonella 

tennessee 

1507-65 

California 

1965 

pWR22 

II 

II 

545-57 

New  Jersey 

1957 

pWR26 

II 

II 

999-57 

New  York 

1957 

pWR28 

II 

II 

886-57 

New  Jersey 

1957 

pWR32 

II 

senf tenberg 

1688-55 

Illinois 

1955 

pWR50 

II 

typhimur ium 

4349-64 

Massachusetts  1964 

All  bacterial  strains  were  Isolated  from  human  feces  and  were  kindly 
supplied  by  W.H.  Ewing  of  the  Center  for  Disease  Control  in  Atlanta, 
Ga. 
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23.  (U)  To  define  the  hematologic  pathophysiology  of  infectious  diseases  of  military 
importance,  and  of  trauma,  burns  and  shock,  and  to  identify  modalities  to  restore 
nemostasis. 

24.  (U)  Procedures  include  biochemical ,  immunologic,  and  cell  culture  methods;  in  vj_tr^ 
cell-free  and  membrane-dependent  systems;  large  and  small  laboratory  animal  models;  and 
studies  of  human  subjects. 

25.  (U)  77  10  -  78  09.  Pyridoxal  kinase  was  shown  to  be  absent  in  the  malaria  parasite 
Several  purine  salvage  patnway  enzymes  were  shown  to  increase  markedly  in  monkey  eryth¬ 
rocytes  infected  with  P.  knowlesi  and  in  cultured  human  erythrocytes  infected  with  P. 
falciparum.  Purine  and  pyrimidine  nucleoside  and  base  profiles  were  obtained  in 

jma laria-infected  erythrocytes.  Pyridoxal  was  demonstrated  to  be  a  potent  antisickling 
agent  which  may  be  clinically  useful.  In  vjvo  fibrin  and  fibrinogen  degradation  were 
lexamined  in  detail  in  20  normal  people  befoVe  and  after  exercise.  A  radioimmunoassay 
for  early  peptides  released  in  degradation  of  the  alpha  chain  of  fibrinogen  is  in  the 
final  stages  of  development.  The  role  of  factor  VIII  complex  in  thrombosis  and  in 
tiie  post-trauma  and  post-operative  states  was  examined.  Certain  lectins,  such  as  con  A 
[were  shown  to  stimulate  erythroid  cell  growth  in  whereas  others,  such  as  WGA  were 

inhibitory;  evidence  was  obtained  to  suggest  the  possibility  of  a  lymphocyte  mediator. 

|a  humoral  inhibitor  of  stem  cell  growth  was  demonstrated  in  a  patient  with  erythroid 
japlasid.  L/etailed  studios  were  performed  to  examine  the  precise  chemical  nature  of 
Ithe  covalent  bond  between  C3  and  cell  membranes.  Superoxide  dismutase  and  catalase 
Ivere  snown  to  be  protective  against  pulmonary  oxygen  toxicity  at  inteniiediate  oxygen 
Versions,  but  to  have  little  effect  at  high  oxygen  tensions.  For  Technical  Report  see 
Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  77  -  30  Sep  78. 
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Description 

Basic  and  clinical  studies  were  performed  to 
investigate  the  functions  of  blood  and  blood-forming 
organs.  These  focused  on  four  specific  areas:  (1) 
study  of  normal  blood  cell  metabolism  and  its  alter¬ 
ation  by  disease  or  by  chemical  agents,  (2)  examination 
of  biochemical  and  immunologic  determinants  of  hema¬ 
topoiesis  and  of  intracellular  parasite  growth,  (3) 
examination  of  blood  cell  surface  membrane  composition 
and  function  in  normal  and  disease  states  and  (4)  study 
of  the  structure,  function,  and  chemical  modification 
of  hematologically  important  proteins. 

Progress 

1.  Study  of  normal  blood  cell  metabolism  and  its 
alteration  by  chemical  agents 

Metabolic  studies  during  the  past  year  have  focus¬ 
ed  on  five  areas:  (a)  studies  of  the  role  of  pyridoxine 
metabolism  in  malaria  infection;  (b)  studies  of  purine 
metabolism  in  malaria-infected  erythrocytes;  (c) 
metabolic  studies  of  bone  marrow  erythroid  precursors; 
(d)  examination  of  the  effects  of  oxygen  tension, 
superoxide  dismutase,  and  catalase  on  lipid  peroxi¬ 
dation  of  lung  cell  suspensions;  and  (e)  study  of 
metabolic  changes  in  platelets  with  exercise. 


a.  Studies  of  the  role  of  pyridoxine  metabolism 
malaria  infection 


Study  of  the  possible  protective  role  against 
falciparum  malaria  of  low  erythrocyte  pyridoxal  kinase 
(PLK)  levels  was  continued  during  this  year.  Previous 
work  performed  by  our  department  in  Nigeria,  in  col¬ 
laboration  with  investigators  from  the  University  of 
Ibadan  and  from  the  Laboratory  of  Parasitic  Diseases, 
NIAID,  suggested  that  the  relatively  high  frequency  of 
low  red  cell  PLK  activity  among  Blacks  may  have  been 
selected  for  by  falciparum  malaria.  In  these  studies, 
performed  during  the  summer  of  1976  and  published  in 
1978,  the  red-cell  glucose-6-phosphate  dehydrogenase 
(G-6-P.D.)  activity  and  red  cell  pyridoxal-kinase 
(P.L.K.)  activity  of  27  Nigerian  children  with  severe 
Plasmodium  falciparum  parasitemia  were  compared  with 
those  of  26  healthy  Nigerian  children  and  6  White 
adults.  The  mean  P.L.K.  activity  of  the  malaria  pa¬ 
tients  was  similar  to  that  of  the  Whites  but  signifi¬ 
cantly  higher  than  that  of  the  Nigerian  controls. 
Correction  for  reduced  mean  red-cell  age  in  patients 
was  made  by  comparing  the  P.L.K.:  G-6-P.D.  ratio  for 
those  with  stable  G-6-P.D.  phenotypes.  The  mean  P.L.K.: 
G.-6-P.D.  ratio  was  the  same  for  malaria  patients  and 
adult  Whites  but  significantly  higher  than  that  for  the 
Nigerian  controls.  During  the  summer  of  1977,  frozen 
hemolysates  from  150  Nigerian  children  were  collected 
(100  from  children  with  severe  malaria  infection,  50 
from  controls) .  Work  is  currently  in  progress  to  iso¬ 
late  and  characterize  the  low  and  high  pyridoxal 
kinase  variants  in  red  cells,  so  that  these  samples  can 
be  genotypred. 

The  hypothesis  that  plasmodia  depend  on  host 
erythrocytes  for  pyridoxal  kinase  was  examined  in 
detail.  Blood  was  drawn  from  animals  with  a  20%  to  80% 
parasitemia,  white  cells  and  platelets  were  removed, 
erythrocytes  were  lysed  with  0.2%  saponin,  the  parasites 
were  separated  from  the  hemolysate  by  centrifugation, 
and  PLK  was  assayed  in  both  fractions.  Isolated  intact 
and  lysed  P.  gallinaceum  (from  6  chickens),  P.  falciparum 
(from  2  aotus  monkeys) ,  and  P.  knowlesi  (from  1  patas 
and  2  rhesus  monkeys)  exhibited  no  PLK  even  when  assay¬ 
ed  with  cell  counts  from  10  to  20  times  those  used  for 
erythrocytes.  Erythrocyte  fractions  from  chickens, 
aotus  monkeys,  and  the  patas  monkey  showed  reproducible 
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PLK.  Plasmodia  did  not  inhibit  PLK,  since  the  PLK  of 
infected  cells  lysed  by  hypotonic  media  was  the  same  as 
the  erythrocyte  fraction  from  saponin  lysis.  Plasmodia 
did  not  bind  or  destroy  the  product  of  PLK,  since  at 
least  97%  of  added  pyridoxal  phosphate  was  recovered 
after  incubation  with  isolated  parasites.  In  two 
experiments  glucose-6-P-dehydrogenase  activity  (G6PD) 
and  pyruvate  kinase  activity  (PK)  were  assayed  in  the 
cell  fractions.  All  G6PD  was  found  in  the  supernatant 
and  more  PK  was  found  in  the  parasite  fraction,  suggest¬ 
ing  that  separation  of  erythrocyte  cytoplasm  from 
parasites  was  efficient  and  did  not  destroy  enzymes. 

We  concluded  that  these  species  of  plasmodia  do  not 
contain  significant  levels  of  PLK,  and  that  dependence 
of  plasmodia  on  host  erythrocyte  PLK  might  explain  the 
protective  effect  of  low  erythrocyte  PLK  trait  for 
humans  exposed  to  falciparum  malaria  infections. 

b.  Studies  of  purine  metabolism  in  malaria- 
infected  erythrocytes 

Studies  of  purine  metabolism  in  malaria-infected 
erythrocytes  focused  on  two  areas:  utilization  of  high 
performance  liquid  chromatography  to  examine  purine  and 
pyrimidine  nucleotide,  nuceloside,  and  base  profiles  in 
uninfected,  malaria-infected,  and  drug-treated  infected 
erythrocytes;  and  examination  of  levels  of  purine 
salvage  and  interconversion  enzymes  in  uninfected  and 
malaria-infected  monkey  and  human  erythrocytes. 

Until  this  past  year,  our  studies  of  levels  of 
substrates  involved  in  purine  and  pyrimidine  metabolism 
have  focused  on  the  mono-,  di-,  and  trinucleotides. 
During  the  past  year,  our  focus  has  broadened  to  in¬ 
clude  the  purine  and  pyrimidine  nucleosides  and  bases 
as  well.  A  sensitive  and  reproducible  method  for 
detection  and  quantitation  of  purine  and  pyrimidine 
bases  and  nucleosides  was  developed  using  reverse-phase 
HPLC.  The  present  method  allows  assay  of  14  compounds 
at  the  nanogram  level.  Work  is  in  progress  which 
indicates  that  the  deoxy-  and  methyl  forms  of  these 
purine  and  pyrimidine  compounds  can  also  be  simulta¬ 
neously  assayed  by  the  HPLC  procedure.  By  putting  a 
fluorescent  detector  in  series  with  the  UV-detector,  an 
ehanced  resolution  of  the  chromatographic  separation  is 
achieved.  Compounds  with  fluorescent  properties, 

(i.e.,  uric  acid,  tryptophan  etc.),  masked  by  UV 


background  are  resolved  from  a  single  HPLC  run.  Cur¬ 
rent  efforts  are  directed  toward:  (1)  determination  of 
basal  levels  of  purine  and  pyrimidine  nucleosides  and 
bases  in  plasma,  whole  blood,  and  blood  components 
(e.g.,  erythrocytes,  platelets),  with  emphasis  on 
human,  monkey,  and  rat  species;  and  (2)  examination  of 
changes  in  purine  and  pyrimidine  nucleosides  and  bases 
during  malaria  infection.  Reproducible  profiles  have 
been  established  for  perchloric  acid  (PCA)  extracts  of 
plasma  and  whole  blood  from  three  species  (human, 
monkey,  rat) .  Preliminary  studies  of  nucleoside  and 
base  profile  alterations  during  malaria  infection 
indicate  the  presence  of  a  new  peak  eluting  close  to 
adenosine  in  chromatograms  of  infected  animals.  Efforts 
are  currently  in  process  to  identify  this  peak  as  the 
deoxy  or  methyl  form  of  adenosine. 

Activities  of  purine  salvage  and  interconversion 
enzymes  have  been  determined  in  erythrocytes  from 
rhesus  monkeys  both  before  and  during  infection  with 
P.  knowlesi.  We  are  attempting  to  correlate  these 
enzyme  activities  with  respect  to  levels  of  purine 
nucleotides,  nucleosides,  and  bases  obtained  on  other 
aliquots  of  the  same  specimens. 

c .  Metabolic  studies  of  bone  marrow  erythroid 
precursors 

The  de  novo  pathway  of  purine  biosynthesis  is 
known  to  be  deficient  in  the  human  mature  erythrocyte. 
Whether  the  complete  de  novo  synthetic  pathway  is 
present  at  any  time  in  human  ery thropoiesis  is  not 
known,  but  circumstantial  evidence  suggests  that  the 
maturation  of  the  red  blood  cell  might  be  accompanied 
by  the  loss  of  a  number  of  steps  in  the  de  novo  path¬ 
way.  Specifically,  the  rabbit  reticulocyte  possesses 
full  capacity  for  the  de  novo  synthesis  of  nucleotides. 
During  maturation  to  an  erythrocyte,  this  capacity  is 
lost  through  deletion  of  the  ablity  to  synthesize  IMP 
from  simple  precursors.  The  distal  portion  of  the 
pathway,  involving  the  ability  to  synthesize  AMP  from 
IMP  through  adenylosuccinic  acid  (AdSA)  is  retained. 

In  the  human,  a  different  situation  obtains.  The 
portion  of  the  pathway  distal  to  IMP  is  not  intact  in 
the  human  because  of  deletion  of  the  enzyme  adenylo¬ 
succinate  synthetase  (AdSS) ,  responsible  for  the  con¬ 
version  of  AdSA  to  IMP.  The  enzyme  adenylosuccinate 


lyase  (AdSL) ,  responsible  for  the  conversion  of  Ad  SA 
to  IMP,  continues  to  be  present. 

In  view  of  the  alterations  in  biosynthetic  capa¬ 
bility  attending  red  cell  maturation  in  the  rabbit  and 
because  of  the  importance  of  the  de  novo  synthetic 
pathway  to  disease  models  and  to  an  understanding  of 
the  importance  of  hepatic  versus  extrahepatic  purine 
biosynthesis,  we  investigated  this  pathway  in  human 
erythroid  precursors  in  two  ways.  Using  human  bone 
marrow  obtained  from  normal  ribs  removed  at  operations 
(for  exposure,  as  with  certain  types  of  nephrectomy) , 
activity  of  adenylosuccenate  synthetase  and  incorpo¬ 
ration  of  labeled  formate  and  glycine  into  purines  were 
determined  in  whole  bone  marrow,  and  preliminary 
attempts  were  made  to  demonstrate  these  two  synthetic 
activities  in  isolated  erythroid  precursors.  Adenyl¬ 
osuccinate  synthetase  was  demonstrated  in  whole  human 
bone  marrow  for  the  first  time,  but  technical  dif¬ 
ficulties  have  so  far  prevented  us  from  obtaining  good 
data  showing  the  presence  or  absence  of  this  enzyme 
activity  in  isolated  erythroid  precursors.  Similarly, 
a  small  but  significant  incorporation  of  labeled  glycine 
and  formate  into  purines  was  shown  in  whole  marrow  but 
not  isolated  ery throblasts .  Recent  improvements  in  our 
technique  make  it  likely  that  we  will  be  able  to  ex¬ 
amine  these  synthetic  activities  in  isolated  erythroid 
cells  definitively  in  the  near  future. 

d .  Examination  of  the  effects  of  oxygen  tension, 
superoxide  dismutase,  and  catalase  on  lipid 
peroxidation  of  lung  cell  suspensions 


Lung  cell  suspensions  are  sensitive  to  lipid 
peroxidation,  one  of  the  phenomena  thought  to  be  re¬ 
sponsible  for  the  toxicity  of  oxygen  to  the  lung.  We 
have  found  that  lipid  peroxidation  ^  vitro  is  enhanced 
by  oxygen  in  a  dose  dependent  fashion.  In  addition  we 
have  found  that  the  antioxidant  enzymes,  superoxide 
dismutase  and  catalase,  inhibit  lipid  peroxidation  at 
intermediate^  tensions  of  oxygen  (300-400  torr)  but 
begin  to  lose  effectiveness  at  high  tension  (600 
torr)  . 


Study  of  metabolic  changes  in  platelets  with 


exercise 


Platelet  content  of  ADP,  ATP,  and  serotonin,  as 


well  as  aggregation  in  response  to  a  variety  of  agents, 
was  examined  in  ten  healthy,  fasting  adult  males  exer¬ 
cised  on  a  treadmill  using  the  Balke  protocol.  Blood 
samples  were  drawn  before  exercise  (C) ,  immediately 
after  exercise  (E)  and  one  hour  after  exercise  (R) . 

Mean  heart  rates  were  68  at  rest  and  194  at  the  termi¬ 
nation  of  exercise.  Mean  time  on  the  treadmill  was 
22.3  minutes. 


Results  (means)  of  platelet  studies  were: 


nMADP/10®  pit 
nM  ATP/10®  pit 

Q 

Mg  serotonin/10 


C 

4. 4+0. 7 
5 . 8  +  1 . 6 
11.8+1.7 


E 

2 . 1+1 . 1 
6 . 8  +  1 . 4 
13.6+1.9 


R 

4 . 6+2 . 2 
6 . 6+1 . 5 
12.7+4.4 


There  were  no  significant  changes  in  platelet 
aggregation  in  response  to  ADP ,  epinephrine,  collagen 
or  ristocetin. 


The  magnitude  of  the  decrease  in  platelet  ADP 
content  (52%,  p<0.001)  after  exercise  cannot  be  account¬ 
ed  for  by  exercise-induced  thrombocytosis,  even  if  all 
platelets  released  during  exercise  were  devoid  of  ADP. 

The  rapid  recovery  of  platelet  ADP  levels  to  con¬ 
trol  values  would  suggest  that  the  decrease  in  platelet 
ADP  with  exercise  is  due  to  a  transient  metabolic 
alteration  rather  than  to  a  loss  of  platelet  ADP 
storage  granules. 

2.  Biochemical  and  immunologic  determinants  of 
hematopoiesis  and  of  intracellular  parasite  growth 

This  research  area  evolved  as  a  result  of  our  de¬ 
partment's  interest  in  hematopoiesis,  and  our  collabo¬ 
rative  efforts  with  members  of  the  Immunology  and 
Virology  Departments  in  the  Division  of  Communicable 
Diseases  and  Immunology.  The  specific  areas  on  which 
we  have  focused  during  the  past  year  include:  (a) 

biochemical  determinants  of  intraerythrocytic  malarial 
parasite  growth  in  culture;  (b)  effects  of  vitamin  B6 
deprivation  on  erythroid  cell  proliferation  and  heme 
synthesis  enzymes;  (c)  modulation  of  erythroid  cell 
proliferation  by  immunologic  mediators  and  cellsurface 
active  agents;  (d)  dengue  fever  virus-monocyte  inter- 


actions;  and  (e)  relationship  between  interferon 
production  and  virulence  of  Semliki  forest  virus. 

a.  Biochemical  determinants  of  intraery throcytic 
malarial  parasite  growth  in  culture 

In  collaboration  with  Maj  David  Haynes  (Department 
of  Immunology,  Division  of  Communicable  Diseases  and 
Immunology) ,  we  are  examining  the  role  of  a  number  of 
metabolic  pathways,  particularly  vitamin  B6  metabolism 
and  purine  metabolism,  in  P.  falciparum  growth  in  human 
erythrocytes,  using  Maj  Haynes's  culture  system. 

Under  the  aegis  of  WHO  research  agreement  T16/181/ 
MZ/8,  Mr.  Vincent  C.N.  Okoye  from  the  University  of 
Ibadan,  Nigeria,  is  working  in  our  department  as  a 
visiting  scientist.  He  is  examining  the  effect  of 
reduced  levels  of  the  enzymes  pyridoxal  kinase  (PLK) 
and  glucose-6-phosphate  dehydrogenase  (G-6-P.D.),  and 
of  the  substrate  ATP  on  the  growth  of  P.  falciparum 
in  human  erythrocytes  in  vitro.  Each  of  these  poly¬ 
morphisms  has  been  shown  to  be  low  in  a  substantial 
percentage  of  American  Blacks.  One  hundred  thirty  five 
healthy  subject  have  been  screened  for  biochemical 
polymorphisms . 

The  groups  of  subjects  consist  of  fifty  Black 
American  men,  twenty- two  Black  American  women,  thirty- 
seven  Caucasian  American  men,  twenty  one  Caucasian 
American  women,  and  six  people  from  other  backgrounds 
(two  Nigerian  men;  one  man  from  India;  two  women  and 
one  man  from  the  Caribbean) .  Studies  performed  on 
blood  from  each  of  these  subjects  included;  (a) 
quantitative  determination  of  G-6-P.D.  activity,  and 
electrophoresis  of  G-6-P.D.;  (b)  hemoglobin  electro¬ 

phoresis;  (c)  measurement  of  pyridoxal  kinase  activity; 
(d)  ATP  levels,  and  (e)  complete  blood  group  phenotyping 
Because  it  was  felt  by  all  investigators  involved  in 
this  project  that  first  priority  should  be  given  to 
comparison  of  growth  of  P.  falciparum  in  erythrocytes 
with  high  pyridoxal  kinase  levels  with  growth  in  erythro 
cytes  with  low  pyridoxal  kinase  levels,  this  study  is 
being  done  first.  Six  Black  American  men  with  low 
erythrocyte  pyridoxal  kinase  levels  (less  than  0.50 
mlU)  but  no  other  observed  polymorphisms  (i.e.,  normal 
G-6-P.D,  levels;  HbA;  normal  ATP  levels)  were  selected 
for  comparison  with  six  Black  American  men  with  high 
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erythrocyte  and  no  other  observed  polymorphisms.  Blood 
was  drawn  from  each  of  these  twelve  subjects,  and  the 
initial  biocheniical  data  confirmed  by  repeating  the 
determinations.  Growth  of  P.  falciparum  in  erythro¬ 
cytes  from  subjects  in  each  of  the  two  groups  is 
currently  under  examination.  A  B6  deficient  medium 
(special  order  GIBCO  1640,  made  without  B6)  is  used  in 
these  studies;  the  only  B6  available  is  a  small  amount 
bound  to  serum  albumin  and  an  even  smaller  amount  in 
the  erythrocytes.  This  medium  has  been  shown  to  be 
capable  of  supporting  intraery throcy tic  parasite  growth 
in  previous  studies  performed  by  Maj  Haynes  using 
erythrocytes  from  randomly  selected  Caucasian  donors. 
Following  completion  of  this  culture  study,  a  com¬ 
parable  study  will  be  performed  comparing  growth  in  G- 
6-P.D.  deficient  hemizygotes,  G-6-P.D.  deficient 
heterozygotes,  subjects  heterozygous  for  G-6-P.D. 
deficiency,  and  subjects  with  normal  G-6-P.D.  levels. 

Following  the  report  by  Kortynyk  et  al  (Biochem¬ 
istry  15:5458,  1976)  that  analogues  of  pyridoxal  and  of 
pyridoxal  phosphate  in  which  the  4-CHO  group  is  replaced 
with  CH=CH2  inhibited  growth  of  mouse  Sarcoma  180  and 
mammary  adenocarcinoma  TA3  in  cell  culture,  and  that 
the  growth  inhibitory  effects  of  these  analogues 
correlated  well  with  their  effects  on  pyridoxal  kinase 
and  pyridoxine  phosphate  oxidase  in  cell-free  systems, 
we  arranged  through  the  Division  of  Experimental 
Therapeutics  to  have  four  of  these  analogues  made. 

These  four  compounds  are;  (a)  4-vinyl-4-deformyl- 
pyridoxal  (WR238952  AA) ;  (b)  4- ( 2-trans-methy Ivinyl ) -4- 

def ormylpyr idoxal  hydrochloride  (WR  239287  AA) ;  (c)  4- 

(2-trans-methylvinyl)  -4-deformylpyridoxal  5'  -phosphate 
(WR  240275  AA) ;  and  (d)  4- ( 2-cis-methylvinyl) -4-deformyl- 
pyridoxal  5'  phosphate  (WR  240242  AA) .  The  inhibitory 
effects  of  each  of  these  compounds  is  currently  being 
examined  using  the  P ,  falciparum  in  vitro  culture 
system  with  B6  deficient  medium. 

Activities  of  purine  salvage  and  interconversion 
enzymes  have  been  determined  in  human  erythrocytes 
infected  with  P.  falciparum  in  culture.  A  parasite- 
specific  isozyme  of  one  of  these  enzymes  has  been 
identified,  and  is  being  purified  for  further  charac¬ 
terization,  with  our  ultimate  objective  the  finding  of 
an  agent  active  against  the  parasite  enzyme  but  not  the 
host  enzyme. 
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b.  Effect  of  B6  deprivation  on  erythroid  cell 
proliferation  and  heme  synthesis  enzymes 

The  effect  of  dietary  pyriodoxine  deprivation  on 
erythroid  cell  proliferation  and  heme  synthetic  enzyme 
activity  was  examined  in  nine  dogs  maintained  on  a  B6- 
free  diet.  Erythroid  colony  forming  units  (CFU-E)  were 
determined  in  bone  marrow  specimens  obtained  from  seven 
of  the  B6-dificient  animals  at  times  when  the  plasma  and 
erythrocyte  PLP  levels  indicated  profound  deficiency  in 
this  vitamin  and  when  the  animals  were  anemic.  Dose_ 
gesponse  curves  to  pyridoxal  (3X10  3X10  ^M,  3X10 

M)  were  obtained  in  each  case.  The  data  show  that  while 
there  are  less  in  vitro  CFU-E  present  in  the  marrow  from 
B6  deficient  dogs ,  the dose  response  to  pyridoxal  in 
vitro  is  generally  similar  to  that_in  normal  dogs;“r.e., 
the  optimum  growth  is  seen  at  3X10  and  3X10  °M.  Two 
B6  deficient  dogs  had  almost  no  CFU-E  on  baseline  studies 
and  did  not  respond  to  pyridoxal  at  any  doses  used. 

These  two  animals  were  severely  anemic  when  studied,  but 
they  did  recover  completely  when  B6  was  added  to  their 
diet,  as  did  the  other  five  B6-deficient  dogs.  It  is 
postulated  that  these  two  animals  may  have  had  a  block 
in  an  earlier  stem  cell  compartment  (e.g.,  CFU-S  or  BFU- 
E)  as  a  result  of  severe  prolonged  B6  deficiency. 
Delta-aminolevulinic  acid  synthetase  (ALA-S)  and  heme 
synthetase  (HS;  ferrochelatase)  activities  were  measured 
in  bone  marrow  aspirates  from  all  nine  B6-deficient  dogs 
at  times  when  they  were  B6-replete  and  when  they  were 
B6-deficient  and  anemic.  Enzyme  activities  were  deter¬ 
mined  both  in  the  presence  and  in  the  absence  of  added 
pyridoxal-5 ' -phosphate .  Erythroblast  ALA-S  activity  was 
diminished  to  approximately  50%  of  control  levels; 
activity  could  be  restored  to  normal  by  in  vitro  addition 
of  pyridoxine  to  the  marrow  lysate.  On  the  other  hand, 
heme  synthetase  activity  remained  normal  in  all  but  the 
more  severely  anemic  B6-deficient  animals;  in  the  bone 
marrow  of  these  animals,  in  vitro  addition  of  PLP  did 
not  increase  the  heme  synthetase  activity  significantly. 
Thus,  the  sequence  of  changes  occurring  with  B6  de¬ 
privation  appears  to  be:  (a)  diminished  plasma  and 

erythrocyte  PLP  levels,  associated  with  normal  CFU-E, 
normal  Hct,  diminished  ALA-S  activity  (one-half  normal 
value;  corrected  to  normal  by  in  vitro  PLP  addition); 

(b)  early  anemia,  associated  with  more  significantly 
lowered  ALA-S  activity  (not  fully  corrected  with  in 
vitro  PLP  addition) ,  variable  decrease  in  heme  synthe¬ 
tase  activity,  and  diminished  CFU-E  (correctable  with 


pyridoxal  added  in  vitro) ;  and  (c)  late  anemia,  asso¬ 
ciated  with  markedly  diminished  ALA-S  and  HS  activitites 
and  markedly  decreased  CFU-E,  none  of  which  are  re¬ 
sponsive  to  added  B6. 

c .  Modulation  of  erythroid  cell  proliferation 
by  immunologic  mediators  and  by  cell-surface 
active  agents 


Because  eosinophilic  fasciitis  (EF) ,  a  rare  immuno¬ 
logic  disease  characterized  by  muscle  weakness  and 
eosinophilic  infiltrates,  has  been  known  to  terminate  in 
bone  marrow  aplasia,  an  immunologic  mechanism  for  this 
aplasia  was  sought.  A  67  year  old  man  at  WRAMC  with 
biopsy-proven  eosinophilic  fasciitis,  anemia,  and  throm¬ 
bocytopenia  was  studied.  During  hospitalization,  the 
patient's  platelet  count  fell  to  10,000  and  his  Hct  to 
31.  His  bone  marrow  biopsy  was  30%  cellular.  Platelet 
antibody  studies  by  quantitative  complement  lysis- 
inhibition  showed  61.3  fg  IgG/platelet .  Plasmapheresis 
was  performed  to  decrease  antibody  titer,  and  post 
plasmapheresis  the  titer  was  14.0  fg/platelet.  Plasma 
clot  cultures  to  determine  bone  marrow  CFU-E  and  BFU-E 
were  done.  The  patient  was  noted  to  have  less  BFU-E  and 
CFU-E  than  normal  control.  Addition  of  post  plasma¬ 
pheresis  serum  did  not  alter  growth  in  either  patient  or 
control  marrow  when  compared  to  serum  from  normal  con^ 
trol.  However,  with  pre-plasmapheresis  serum  CFU-E/10 
cells  fell  in  the  normal  from  260.3  to  156.0  (p<.001) 
and  in  the  the_patient  form  149.8  to  119.3  (p<.02). 

Also,  BFU-E/10^  cells  fell  in  the  normal  from  63.1  to 
31.0  (p<.001);  in  the  patient  it  fell  from  23.5  to  18.5 
{p<.l).  Co-culture  of  normal  marrow  showed  no  suppress¬ 
ion  of  CFU-E.  Growth  of  BFU-E  in  similar  cultures  was 
40-75%  of  expected  values.  Although  anemia  was  mild, 
thromobocy topenia  resulted  in  several  bleeding  episodes. 
Of  all  therapies  used,  only  Velban- loaded  platelets 
produced  a  sustained  increase  in  platelet  count.  We 
concluded  from  the  data  that  this  patient  with  EF  demon¬ 
strated  platelet  antibodies  and  a  serum  inhibitor  of  his 
own  and  normal  erythroid  stem  cells.  Although  co-culture 
studies  suggest  cell-cell  suppression  of  BFU-E  the 
latter  may  be  the  result  of  previous  sensitization  to 
HLA  antigens.  Humoral  suppression  of  hematopoietic 
elements  may  lead  to  decreased  hematopoiesis  in  this 
disease . 

Studies  on  the  interaction  between  lections  and 
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CFU-E  in  plasma  clot  culture  have  been  continued,  and 
all  studies  for  an  initial  publication  on  this  topic 
have  been  completed.  Three  lections  with  known  re¬ 
ceptors  on  mature  red  cells  Concanavalin  A  (Con  A) , 
Phytohemagglutinin  (PHA) ,  and  Wheat  Germ  Agglutinin 
(WGA)  were  studied  for  their  in  vitro  effects  upon  bone 
marrow  erythroid  colony  forming  units  (CFU-E)  from  C3H 
mice  in  plasma  clot  cultures.  Dose  response  curves 
indicated  that  all  three  lectins  had  significant  effects 
upon  CFU-E  in  doses  as  low  as  l-2.5pgm/10°  cells.  WGA 
suppressed  growth  at  all  doses.  PHA  suppressed  CFUgE  at 
low  and  high  doses  Vith  normal  growth  at  S-lOygm/lo” 
cells.  Con  A  stimulated  CFU-E  at  low  doses  and  sup¬ 
pressed  growth  at  or  above  25ijgm/10°  cells.  Since  PHA 
and  WGA  have  been  shown  to  interact  with  erythropoietin 
(Epo) ,  preincubation  and  binding  studies  with  125  I 
labeled  lectin  were  done  to  see  if  this  mechanism  com¬ 
pletely  accounted  for  suppression  of  CFU-E  at  low  lectin 
doses.  Greater  suppression  was  seen  following  pre¬ 
incubation  of  cells  with  lectin  than  when  amounts  equiv¬ 
alent  to  that  bound  after  preincubation  were  added 
directly  to  the  culture  medium,  even  though  94-95%  of 
the  lectin  bound  after  preincubation  eluted  off  the 
cells  during  culture.  Trypan  blue  studies  showed  no 
evidence  of  cytotoxicity  after  30  min  incubation  with 
any  of  the  lectins  at  the  doses  used.  CFU-E  following 
preincubation  with  Con  A  were  equal  to  controls.  Further 
studies  involved  addition  of  monosaccharides  to  cultures 
without  lectin  to  test  whether  the  lectins  were  masking 
a  cell  surface  saccharide  needed  for  Epo-cell  inter¬ 
action.  Of  the  saccharides  tested,  sialic  acid  alone 
inhibited  CFU-E.  We  concluded  that  the  lectins  tested 
affect  CFU-E  by  direct  effects  upon  the  marrow  cells  as 
well  as  interference  with  Epo-cell  interaction  (WGA  and 
PHA) .  These  cells  directly  affected  may  involve  the 
CFU-E  itself  or  an  intermediate  cell. 

d .  Dengue  fever  virus-monocyte  interaction 

Studies  of  dengue  fever  virus-monocyte  interactions 
have  been  carried  out  in  collaboration  with  Dr.  Walter 
Brandt,  of  the  Department  of  Virus  Diseases,  Division  of 
Communicable  Diseases  and  Immunology.  Sensitivity  of 
the  receptor  on  monocytes  for  Dengue  fever  virus  to 
trypsin  has  been  demonstrated.  Following  treatment  with 
trypsin,  monocyte  cultures  become  nonpermissive  for 
dengue  virus  replication.  The  permissive  state  is 
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reconstituted  by  Dengue  inmiune  serum,  but  only  partially 
restored  by  noniinmune  serum.  Studies  designed  to  demon¬ 
strate  the  importance  of  the  Fc  fragment  of  IgG  antibody 
and  its  interaction  with  monocyte  Fc  receptor  are  under¬ 
way  . 

e .  Relationship  between  interferon  production  and 
virulence  of  Semliki  Forest  Virus 

Differences  in  interferon  induction  and  sensitivity 
between  two  strains  of  Semliki  Forest  Virus  (SFV)-A774 
(avirulent  in  several  mouse  lines,  and  LIO  (highly 
lethal)  were  examined.  Duplicate  wells  of  L929B  fibro¬ 
blasts  were  infected  with  LIO  and  A774  viruses  at  sev¬ 
eral  different  MOI's.  At  24  hours,  no  interferon  was 
detected  in  the  supernatant  from  cells  induced  by  the 
avirulent  A774,  whereas  the  induction  of  interferon  by 
LIO  correlated  with  the  MOI .  At  48  hours,  interferon 
was  produced  in  response  to  A774  but  still  in  lower 
amounts  than  that  produced  by  LlO.  Studies  of  induction 
of  interferon  by  LIO  and  A774  at  various  temperatures 
(30°,  35°,  39°C)  suggested  that  the  lack  of  interferon 
induction  at  37°C  by  A774  was  not  a  result  of  a  temper¬ 
ature  sensitive  step  which  would  be  reversed  at  30  C. 
Comparison  of  interferon  production  with  viral  growth 
indicated  that  LlO  virus  produced  more  interferon  than 
A774,  yet  the  latter  virus  grew  to  a  higher  titer. 
Additional  studies  suggested  that  LIO  might  also  be 
more  sensitive  to  interferon  than  is  A774.  On  the  basis 
of  experimental  results  available  so  far,  the  differences 
in  virulence  between  LlO  and  A774  cannot  be  explained  by 
interferon  production  alone. 

3.  Examination  of  blood  cell  surface  membrane 
composition  and  function  in  normal  and  diseas^  states 


Our  department’s  studies  of  the  role  of  blood  cell 
surface  membrane  composition  and  function  during  the 
past  year  have  included  (a)  studies  of  pulmonary  alveolar 
macrophage  function,  (b)  studies  of  biochemical  com¬ 
position  and  function  of  lymphocyte  membranes,  and  (c) 
studies  of  platelet  membranes. 

^ *  Studies  of  pulmonary  alveolar  macrophage  function 

During  the  past  year,  studies  have  been  initiated 
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on  the  effects  of  N-formyl-methionyl  phenylalanine  (FMP) 
on  the  function  of  alveolar  macrophages.  FMP  is  one  of 
several  synthetic  compounds  that  have  been  shown  to  be 
chemotactic  for  both  neutrophils  and  macrophages,  and  is 
probably  responsible  for  the  chemotactic  activity  of 
supernatants  of  bacterial  cultures  (bacterial  factor) . 
Many  eukaryotic  cells,  including  most  gram  negative 
bacteria,  synthesize  their  proteins  with  a  formylated 
methionine  residue  on  the  amino  terminus.  The  studies 
of  the  effects  of  FMP  on  alveolar  macrophage  function 
have  provided  important  insights  into  the  interaction  of 
these  cells  with  bacteria. 

Our  findings  to  date  indicate  that  adherence  to 
glass  of  macrophages  exposed  to  100  yM  FMP  is  increased 
approximately  two-fold  after  72  hours  of  incubation  at 
37  degrees  (in  RPMI  1640  with  20%  heat  inactivated  fetal 
calf  serum) .  There  is  also  a  marked  stimulation  of 
movement  as  shown  by  measurements  of  random  migration 
and  the  appearance  of  elongated  spindle  cells  on  the 
glass  coverslips  (control  10.75%;  100  pM  FMP  92.5  after 
4  hours) .  Other  studies  underway  include  FMP  stimulated 
chemoluminescence  and  alveolar  macrophage  production  of 
interferon.  • 

b.  Biochemical  composition  and  function  of 
lymphocyte  membranes 

Binding  studies  with  5  purified  plant  lectins  were 
used  to  investigate  membrane  alterations  in  lymphocytes 
from  patients  with  chronic  lymphatic  leukemia  (CLL) . 
Compared  to  normal  human  B  lymphocytes,  CLL  lymphocytes 
had  fewer  receptors  for  E-phytohemagglutinin,  wheat  germ 
agglutinin,  and  concanavalin  A,  and  more  receptors  for 
L-phytohemagglutinin .  Receptors  for  Ricinus  communis 
agglutinin  were  the  same  on  both  normal  and  CLL  cells. 
Since  the  lectins  bind  to  complex  carbohydrates  on  the 
cell  surface,  these  data  suggested  that  the  carbohydrate 
composition  of  CLL  membranes  differed  from  that  of 
normal  lymphocytes.  To  investigate  this  point,  exposed 
membrane  sialoglycoproteins  on  intact  cells  were  radio- 
labeled  by  a  combination  of  mild  periodate  oxidation 
followed  by  reduction  with  NaB  H^.  Analysis  by  SDS 
polyacrylamide  gel  electrophoresis  of  extracts  from  the 
radiolabeled  cells  indicated  that  the  CLL  cell  membranes 
contained  the  same  protein  components  as  normal  lympho¬ 
cyte  membranes,  but  that  these  components  were  generally 


less  heavily  glycosylated  in  CLL.  To  investigate 
mechanisms  responsible  for  the  altered  glycosylation  of 
CLL  cell  membrane  components,  we  examined  glycosyl- 
transferase  activities  in  cells  from  CLL  patients  and 
normal  donors.  Compared  to  normal  cells,  CLL  cells 
demonstrated  decreased  ability  to  transfer  N-acetyl 
glucosamine  from  UDP-N-acetyl  glucosamine  to  appropriate 
exogenous  or  endogenous  glycoprotein  acceptors.  We 
conclude  that  CLL  lymphocytes  are  characterized  by  a 
specific  pattern  of  altered  cell  surface  glycoproteins 
which  can  be  detected  by  lectin  binding  studies.  These 
alterations  may  be  related  to  decreased  glycosyltrans- 
ferase  activity  in  the  CLL  lymphocyte. 

Glycosyltransf erase  activities  in  human  lymphocytes 
stimulated  with  the  plant  mitogens  E-phytohemogglutinin 
(E-PHA)  or  concanavalin  A  (con  A)  were  determined,  and 
the  results  were  compared  with  activities  found  in 
resting  lymphocytes.  Compared  to  resting  lymphocytes, 
con  A-stimulated  lymphocytes  possessed  an  enhanced 
capacity  to  transfer  the  sugars,  sialic  acid,  galactose, 
and  N-acetylglucosamine  from  their  respective  nucleotide 
donors  to  both  endogenous  cellular  acceptors  and  added 
exogenous  glycoprotein  acceptors.  The  enhanced  glyco- 
syltransferase  activity  induced  by  con  A  was  not  in¬ 
hibited  by  puromycin  despite  effective  inhibition  of  de 
novo  protein  synthesis,  indicating  that  synthesis  of  new 
glycosyltransferase  enzymes  is  not  necessary  for  the 
observed  increases  in  glycosylation  activity.  By  contrast 
to  the  findings  in  con  A-stimulated  cells,  the  corres¬ 
ponding  glycosyltransferase  activities  of  E-PHA-stimulated 
lymphocytes  did  not  differ  from  those  of  unstimulated 
lymphocytes.  These  data  indicate  that  individual  plant 
lectins  have  different  effects  on  the  biosynthesis  of 
complex  saccharides  by  cultured  human  lymphocytes. 

c .  Studies  of  platelet  membrane 

A  group  of  twelve  cancer  patients  with  clinical 
signs  of  hypercoagulation  were  studied  with  a  battery  of 
in  vitro  clotting  parameters  to  include:  platelet 
aggregation,  plasma  partial  thromboplastin  time,  fibrino¬ 
gen  content,  factor  VIII  complex  activity,  platelet 
surface  sialic  acid,  and  platelet  surface  sialyltransfer- 
ase  activity.  These  patients  demonstrated  accelerated 
coagulation,  increased  factor  VIII  antigen  and  Ristocetin 
cofactor,  and  enhanced  ADP  platelet  aggregation.  Platelet 
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exogenous  sialyltransferase  activity  was  increased  in 
cancer  patients  (117.6  +  14  p  mole/10^  platelet  as 
compared  to  controls  59.0  +  4.3  pmole/10^  platelets, 
p<0.01).  Platelet  exogenous  sialyltransferase  activity 
and  platelet  aggregation  were  inhibited  by  aspirin. 

4.  Study  of  the  structure,  function  and  chemical 
modification  of  hematologically  important  proteins 


Our  studies  on  the  biochemistry  and  physiology  of 
hematologically  important  proteins  have  focuses  on  four 
major  areas:  (a)  studies  of  fibrinolysis;  (b)  studies  of 
complement;  (c)  use  of  radioimmunoassays  as  tools  for 
study  of  the  biosynthesis,  chemical  modification,  and 
kinetics  of  a  number  of  glycoprotein  hormones  and  other 
hormonal  substances;  and  (d)  examination  of  the  anti¬ 
sickling  effect  of  pyridoxal  and  other  pyridoxine 
vitamers . 

a.  Studies  of  fibrinolysis 


Studies  of  the  hemostatic  changes  associated  with 
exercise  have  been  completed  in  20  subjects.  In  ad¬ 
dition  to  acceleration  of  clotting  assays  and  elevation 
of  factors  VIII  and  V,  increased  fibrinolytic  activity, 
including  elevated  fibrinogen-fibrin  associated  antigen 
(split  products  of  fibrin  or  fibrinogen,  FDP-fdp) ,  was 
demonstrated. No  significant  fibrinogen  Aa-chain  degrad¬ 
ation  or  changes  in  the  abil,ity  of  fibrinogen  to  clot 
and  form  crosslinks  were  seen. 

A  radioimmunoassay  for  the  earliest  degradation 
products  from  fibrinogen/fibrin  (i.e.,  those  from  the 
Aachain)  has  been  developed.  The  assay  is  sensitive  to 
nM  quantities  of  digestion  products  and  is  being  applied 
to  samples  from  exercise  studies. 


Fibrin  has  been  shown  to  crosslink  much  more 
rapidly  when  red  cells  are  present  in  the  coagulum.  The 
effect  appears  to  be  due  to  a  sulfhydryl  dependent 
property  of  the  external  surface  of  the  red  cell. 
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Analysis  of  fibrinogen/fibrin  degradation  by  iso¬ 
electric  focusing  and  SDS  polyacrylamide  slab  gel  elect¬ 
rophoresis  (two  dimensional  electrophoresis)  is  in 
progress.  This  method  should  be  a  very  sensitive  way  to 
determine  Au-chain  degradation  of  fibrinogen/fibrin. 
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Urinary  protein  is  now  being  analyzed  for  fibrin 
degradation  products  using  several  methods:  two  dimen¬ 
sional  electrophoresis,  radioimmunoassay,  and  cyano- 
ethylation.  Cyanoethylation  tests  specifically  for  the 
presence  of  the  E  (  -glutamyl)  lysine  covalent  cross¬ 
links  of  crosslinked  fibrin. 

b.  Studies  of  complement 

In  collaboration  with  Dr  Brian  Tack  (American 
National  Red  Cross)  and  Dr  Alan  Schechter  (Laboratory  of 
Chemical  Biology,  NIAMDD,  NIH) ,  radioimmunoassay  studies 
examining  the  conformation  of  C3  and  its  activation 
fragments  C3b,  C3c,  and  C3d,  have  continued  and  are  now 
near  completion.  Two  specific  observations  were  made  in 
this  study:  (1)  Antigenic  responses  to  antibodies  raised 
in  sheep  to  human  C3  are  elicited  in  C3  and  fragments 
C3b  and  C3c,  but  not  in  C3d.  (2)  The  biphasic  %  bound 
vs  fragment  concentration  curves  indicate  that  the  C3b 
and  C3c  fragements  have  surface  conformations  different 
from  the  same  regions  in  native  C3. 

c .  Use  of  radioimmunoassays  as  tools  for  study  of 
the  biosynthesis,  chemical  modification  and 
kinetics  of  a  number  of  glycoprotein  hormones 
and  other  hormonal ' substances 


Because  of  the  rapidly  developing  interest  of  the 
hematology  community  in  using  radioimmunoassay  as  a 
probe  for  studying  both  the  conformation  (see  above)  and 
the  enzymatic  interconversion  of  such  proteins  as  coagu¬ 
lation  factors  and  complement,  we  have  supported,  as 
part  of  our  department's  effort,  certain  studies  on 
hormone  biochemistry  and  physiology  whose  approach  we 
feel  is  directly  applicable  to  problems  in  complement 
and/or  coagulation  biochemistry. 

Radioimmunoassays  were  developed  for  3',5'-di- 
iodothyronine  (3',5'T2)  and  3 ' -monoidothyronine  (3'Tl). 
The  antisera  to  these  hormones  were  quite  sensitive, 
with  the  lower  limits  of  detectability  being  2.0  ng/dl 
and  2.5  ng/dl,  respectively.  The  mean  intra-  and  inter¬ 
assay  coefficients  of  variation  were  <3%  and  <24%.  Of 
numerous  thyroid  analgues  tested  for  cross  reactivity, 
only  rT3  slightly  cross  reacted  in  the  3',5'T2  assay  and 
only  3,3'T2  cross  reacted  in  the  3'Tl  assay.  Employing 
these  assays,  eleven  normal  subjects  and  7  pregnant 


women  had  serum  3'T,  levels  below  the  limits  of  detect¬ 
ability  of  the  assay  (0.5  ng/dl) ,  whereas  17  hyper¬ 
thyroid  patients  had  elevated  levels  of  3'T,,  with  the 
mean  (+  SD)  values  being  6.5  +  3.0  ng/dl.  Serum  3'Tj^ 
levels  were  present  in  all  cord  sera  measured  (7.3  +  2.3 
ng/dl;  n=19)  ,  and  the  highest  levels  of  3'Tj^  observed 
were  in  38-40  week  gestation  amniotic  f luid'‘’specimens 
(15.4  +  8.4  ng/dl;  n=20) .  Compared  to  other  iodothy- 
ronines,  it  appears  that  a  relatively  low  proportion  of 
3'T,  is  bound  to  circulating  proteins,  as  the  mean 
percent  dialyzable  3'T,  in  12  normal  subject  was  5.7  + 
1.2%.  An  oral  dose  of^l'T^  (120  yg)  given  to  2  euthy¬ 
roid  individuals  resulted  in  peak  serum  levels  of  28 
ng/dl  two  hours  after  ingestion.  After  i.v.  admin¬ 
istration  3'5'T2  to  two  athyreotic  patients  (one  hypo¬ 
thyroid,  the  other  euthyroid  on  replacement  T^) »  3'T, 
levels  rose  from  undetectable  levels  to  20  ng/dl.  Con¬ 
clusions  from  this  study  were  that  3'T,  is  routinely 
detectable  in  the  serum  of  hyperthyroia  but  not  normal 
individuals,  with  even  higher  levels  present  in  cord 
sera  and  amniotic  fluid,  and  that  ^  vivo  conversion  of 
3',5'T2  to  3'Tj^  may  occur. 

Employing  a  radioimmunoassay  for  3'5'T2,  it  was 
determined  that  83  healthy  individuals  had  a  mean  ( 

+SE)  serum  3',5'T2  concentration  of  5.0  +  0.3  ng/dl; 
thyrotoxic  subjects  (n=12)  had  a  mean  3',5'T2  level  that 
was  elevated  to  10.8  +  0.8  ng/dl  whereas  each  of  6 
hypothyroid  subjects  had  undetectable  (<  2  ng/dl)  con¬ 
centrations.  Athyreotic  patients  (n=8) receiving  0.4  mg 
T4  daily  had  serum  3',5'T2  concentrations  of  15.0  +  3.0 
ng/dl  and  fasting  was  associated  with  an  increase  Tn 
serum  3',5’T2  to  6.9  +  0.6  ng/dl  from  a  basal  level  of 
4.4  +  0.4  ng/dl  in  the  fed  state  (p<.01).  Despite  the 
fact  that  reverse  T3  levels  may  be  elevated  in  amniotic 
fluid  and  that  reverse  T3  is  expected  to  represent  the 
major  source  from  which  extrathyroidal  3'5'T2  arises, 
3',5'T2  levels  were  low  in  amniotic  fluid  being  unde¬ 
tectable  {^2  ng/dl)  in  9  of  19  samples  with  the  mean 
(+SE)  3',5T2  concentration  in  the  10  detectable  samples 
being  5.4  +  1  ng/dl.  These  data  indicate  3',5'T2  is 
probably  derived  from  peripheral  conversion.  Further¬ 
more,  these  observations  suggest  that  situations  asso¬ 
ciated  with  elevated  reverse  T3  levels  (e.g.,  thyro¬ 
toxicosis,  fasting)  also  have  increased  3',5'T2. 

To  investigate  outer  ring  deiodination  of  T4  and 


‘An 


Urinary  protein  is  now  being  analyzed  for  fibrin 
degradation  products  using  several  methods:  two  dimen¬ 
sional  electrophoresis,  radioimmunoassay,  and  cyano- 
ethylation.  Cyanoethylation  tests  specifically  for  the 
presence  of  the  E  (  -glutamyl)  lysine  covalent  cross¬ 
links  of  crosslinked  fibrin. 

b.  Studies  of  complement 

In  collaboration  with  Dr  Brian  Tack  (American 
National  Red  Cross)  and  Dr  Alan  Schechter  (Laboratory  of 
Chemical  Biology,  NIAMDD,  NIH) ,  radioimmunoassay  studies 
examining  the  conformation  of  C3  and  its  activation 
fragments  C3b,  C3c,  and  C3d,  have  continued  and  are  now 
near  completion.  Two  specific  observations  were  made  in 
this  study:  (1)  Antigenic  responses  to  antibodies  raised 
in  sheep  to  human  C3  are  elicited  in  C3  and  fragments 
C3b  and  C3c,  but  not  in  C3d.  (2)  The  biphasic  %  bound 
vs  fragment  concentration  curves  indicate  that  the  C3b 
and  C3c  fragements  have  surface  conformations  different 
from  the  same  regions  in  native  C3. 

c .  Use  of  radioimmunoassays  as  tools  for  study  of 
the  biosynthesis,  chemical  modification  and 
kinetics  of  a  number  of  glycoprotein  hormones 
and  other  hormonal  substances 


Because  of  the  rapidly  developing  interest  of  the 
hematology  community  in  using  radioimmunoassay  as  a 
probe  for  studying  both  the  conformation  (see  above)  and 
the  enzymatic  interconversion  of  such  proteins  as  coagu¬ 
lation  factors  and  complement,  we  have  supported,  as 
part  of  our  department's  effort,  certain  studies  on 
hormone  biochemistry  and  physiology  whose  approach  we 
feel  is  directly  applicable  to  problems  in  complement 
and/or  coagulation  biochemistry. 

Radioimmunoassays  were  developed  for  3',5'-di- 
iodothyronine  (3',5'T2)  and  3 ' -monoidothyronine  (3'Tl). 
The  antisera  to  these  hormones  were  quite  sensitive, 
with  the  lower  limits  of  detectability  being  2.0  ng/dl 
and  2.5  ng/dl,  respectively.  The  mean  intra-  and  inter¬ 
assay  coefficients  of  variation  were  “^3%  and  <24%.  Of 
numerous  thyroid  analgues  tested  for  cross  reactivity, 
only  rT3  slightly  cross  reacted  in  the  3',5'T2  assay  and 
only  3,3'T2  cross  reacted  in  the  3'Tl  assay.  Employing 
these  assays,  eleven  normal  subjects  and  7  pregnant 


women  had  serum  3'Tj^  levels  below  the  limits  of  detect¬ 
ability  of  the  assay  (0.5  ng/dl) ,  whereas  17  hyper¬ 
thyroid  patients  had  elevated  levels  of  3'T,,  with  the 
mean  (+  SD)  values  being  6.5  +  3.0  ng/dl.  Servim  3'Tj^ 
levels  were  present  in  all  cord  sera  measured  (7.3  +  2.3 
ng/dl;  n=19)  ,  and  the  highest  levels  of  3'Tj^  observed 
were  in  38-40  week  gestation  amniotic  f luid'‘'specimens 
(15.4  +  8.4  ng/dl;  n=20) .  Compared  to  other  iodothy- 
ronines,  it  appears  that  a  relatively  low  proportion  of 
3'T,  is  bound  to  circulating  proteins,  as  the  mean 
percent  dialyzable  3'T,  in  12  normal  subject  was  5.7  + 
1.2%.  An  oral  dose  of^l'Tj^  (120  pg)  given  to  2  euthy¬ 
roid  individuals  resulted  in  peak  serum  levels  of  28 
ng/dl  two  hours  after  ingestion.  After  i.v.  admin¬ 
istration  I'S'T^  to  two  athyreotic  patients  (one  hypo¬ 
thyroid,  the  other  euthyroid  on  replacement  T.) ,  3'T, 
levels  rose  from  undetectable  levels  to  20  ng/dl.  Con¬ 
clusions  from  this  study  were  that  3'T,  is  routinely 
detectable  in  the  serum  of  hyperthyroia  but  not  normal 
individuals,  with  even  higher  levels  present  in  cord 
sera  and  amniotic  fluid,  and  that  ^  vivo  conversion  of 
3',5'T2  to  3'Tj^  may  occur. 

Employing  a  radioimmunoassay  for  3'5'T2,  it  was 
determined  that  83  healthy  individuals  had  a  mean  ( 

+SE)  serum  3',5'T2  concentration  of  5.0  +  0.3  ng/dl; 
thyrotoxic  subjects  (n=12)  had  a  mean  3',5'T2  level  that 
was  elevated  to  10.8  +  0.8  ng/dl  whereas  each  of  6 
hypothyroid  subjects  had  undetectable  (<  2  ng/dl)  con¬ 
centrations.  Athyreotic  patients  (n=8 ) receiving  0.4  mg 
T4  daily  had  serum  3',5'T2  concentrations  of  15.0  +  3.0 
ng/dl  and  fasting  was  associated  with  an  increase  Tn 
serum  3',5'T2  to  6.9  +  0.6  ng/dl  from  a  basal  level  of 
4.4  +  0.4  ng/dl  in  the  fed  state  (p<.01).  Despite  the 
fact  that  reverse  T3  levels  may  be  elevated  in  amniotic 
fluid  and  that  reverse  T3  is  expected  to  represent  the 
major  source  from  which  extrathyroidal  3'5'T2  arises, 
3',5'T2  levels  were  low  in  amniotic  fluid  being  unde¬ 
tectable  (<2  ng/dl)  in  9  of  19  samples  with  the  mean 
(+SE)  3',5T2  concentration  in  the  10  detectable  samples 
being  5.4  +1  ng/dl.  These  data  indicate  3',5'T2  is 
probably  derived  from  peripheral  conversion.  Further¬ 
more,  these  observations  suggest  that  situations  asso¬ 
ciated  with  elevated  reverse  T3  levels  (e.g.,  thyro¬ 
toxicosis,  fasting)  also  have  increased  3',5'T2. 

To  investigate  outer  ring  deiodination  of  T4  and 


reverse  T3  (rT3) ,  an  RIA  was  employed  to  measure  3'Tl 
generation  from  3'5'T2  in  subcellular  fractions  of  rat 
liver.  In  vitro  5 ' -deiodination  of  3*,5;T2  to  3'Tl  was 
found  to  be  rapid, _heat  labile,  pH  dependent  and  in¬ 
hibited  by  PTU  (10  ^M) .  The  high  lability  to  outer  ring 
deiodination  of  rT3  and  3',5'T2  (pKA  of  4 ' -OH  =  6.7)  at 
the  optional  pH  in  our  system  in  contrast  to  the  meta¬ 
bolic  stability  of  3,3'T2  and  3'Tl  (pKA  of  4'-OH=8.4) 
may  indicate  a  requirement  for  an  intact  4 '-OH  and/or 
specificity  for  degree  of  inner  ring  iodine  substitution. 

d.  Examination  of  the  antisickling  effect  of 
pyridoxal  and  other  pyridoxine  vitamers 

To  test  the  antisickling  activity  of  pyridoxal,  we 
compared  the  oxygen  affinity  and  the  percent  sickling  at 
low  PO2  of  untreated  erythrocytes  with  values  for  cells 
from  the  same  blood  sample  incubated  with  pyridoxal, 
glyceraldehyde ,  or  pyridoxine.  Pyridoxal  increased 
oxygen  affinity  much  more  than  glyceraldehyde.  20  mM 
pyridoxal  and  glyceraldehyde  had  equivalent  antisickling 
activity.  At  PO2  levels  above  20  mm  Hg,  both  agents 
reduced  sickling'^to  less  than  20%.  In  samples  examined 
by  electron  microscopy,  pyridoxal  reduced  the  percent 
sickled  cells  and  the  percent  cells  that  contain  hemo¬ 
globin  S  fibers  by  the  same  amount  (from  74  to  3%) 
Pyridoxine  had  no  effect  on  oxygen  affinity  or  sickling. 
Pyridoxal  reacts  with  intracellular  hemoglobin  to  in¬ 
crease  oxygen  affinity,  which  inhibits  hemoglobin  S 
polymerization  and  sickling. 
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-3.  (U)  To  investigate  mechanisms  for  maintaining  fluid,  electrolyte  and  hemodynamic 

homeostasis  in  response  to  disease,  injury  and  environmental  stresses  of  military  signi- 
fitnnee,  such  as  acute  renal  failure,  shock,  infectious  disease,  heat  stress,  and  gas- 
tr  intestinal  disorders,  in  order  to  provide  rational  basis  for  prevention  and  treatment 
2A.  (U)  Clearance  methods,  dialysis,  isotoi)e  dilutions,  experimental  models,  ^  vivo 

micropuncture,  _m  vitro  renal  mic-roperf usion,  membrane  transport,  tissue  culture,  radio¬ 
immunoassay,  light  and  electron  microscopy,  and  chromatography. 

25.  CU)  7710-7809  The  tubuloglomerular  feedback  mechanism,  important  in  the  pathogensls 
of  acute  renal  failure,  was  further  defined.  Juxta  glomerular  renin  release,  which  pre¬ 
sumably  controls  feedback,  was  found  to  be  sensitive  to  chloride  delivery  to  the  tubule 
rather  than  to  urinary  sodium  or  flow  rate.  Kxamination  of  the  interrelationships  of 
sodtum  excretion  revealed  that  prostaglandins  i)lay  a  significant  role  only  during  state? 
of  stress  (anesthesia,  hypotension).  Renin  levels  in  thoracic  duct  lymph  were  seen  to 
parallel  levels  of  peripheral  blood  during  volume  expansion  and  hypotension  suggesting  i 
significant  lymphatic  role  in  renin  metabolism.  Mercuric  chloride,  (used  extensively 
in  the  production  of  acute  renal  failure),  was  shown  to  produce  reversible  inihibltlon 
of  vasopressin  mediated  water  movement  in  the  toad  uladder  and  time-dependent  permeabi¬ 
lity  to  iiuilin  suggesting  an  alternative  mechanism  tor  the  isosthemurla  of  acute  renal 
failure  and  supporting  a  role  for  tubular  back-diffusion  in  acute  renal  failure.  Di- 
thiothreitol,  (an  agent  protective  against  the  nephrotoxi(  ity  of  mercuric  chloride),  wa? 
shown  to  reverslblly  inhibit  vasopressin  mediated  water  flux  In  the  toad  bladder  while 
s imul tan lously  stimulating  sodium  transport.  Renal  epithelial  cells  in  tissue  culture 
were  found  to  be  utilizeahle  as  a  simplified  system  for  studying  renal  transport  and  re- 
sponsiviness  to  hormones  and  neplirotoxins.  For  teciinical  report  see  Waiter  Reed  Arnn' 
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Description 

Studies  are  directed  at  investigations  of  mechanisms  for  mainten¬ 
ance  of  body  fluid,  electrolyte  and  hemodynamic  homeostasis  or 
their  correction  in  response  to  disease,  injury  and  environmental 
stress  of  military  significance  such  as  acute  or  chronic  renal 
failure,  shock,  heat  stress,  physical  stress,  infectious  diseases 
and  gastrointestinal  disorders.  The  role  of  adaptive  homeostatic 
mechanisms,  including  renal  and  systemic  mechanisms,  whereby  body 
fluid  and  solute  balance  are  maintained  in  the  face  of  stress,  has 
been  emphasized  in  order  to  provide  a  rational  basis  for  the  develop¬ 
ment  of  improved  methods  for  prevention  and  treatment  of  altered 
fluid,  electrolyte,  and  hemodynamic  states,  and  acute  and  chronic 
renal  failure  induced  by  these  alterations. 

Progress 

1.  Acute  Renal  Failure 

a.  The  mechanism(s)  responsible  for  the  pathogenesis  of 
acute  renal  failure,  a  disease  characterized  by  the  sudden  loss 
of  renal  function,  continues  to  be  the  subject  of  controversy.  A 
majority  of  recent  studies  indicate  that  an  alteration  in  renal 
hemodynamics,  mediated  by  the  renin-angiotensin  system,  contributes 
a  major  role  in  the  near  cessation  of  glomerular  filtration  and  the 
progressive  azotemia  observed  in  acute  renal  failure  (1,  2).  A 
schema  for  the  pathogenesis  of  the  hemodynamic  changes  in  experi¬ 
mentally  induced  acute  renal  failure  in  animals  has  been  developed 
from  previous  studies  in  this  laboratory  based  on  the  effects  of 
heavy  metals  such  as  uranyl  nitrate  (3)  and  mercuric  chloride  (4). 

The  initial  event  in  the  sequence  involves  an  alteration  in  tubu¬ 
lar  transport  function  in  the  early  segments  of  the  nephron. 

This  epithelial  membrane  transport  alteration  can  be  characterized 
by  decreased  fluid  and  electrolyte  transport  as  a  direct  effect  of 


the  nephrotoxin  (and  perhaps  ischemia)  on  membrane  function  (5). 

As  a  result  of  this  transport  defect  the  fluid  delivered  distally 
to  the  macula  densa  segment  contains  a  higher  than  normal  chloride 
load.  There  is  an  increase  in  juxta -glomerular  renin  activity 
(6).  The  increased  renin-angiotensin  system  activity  mediates  a 
change  in  renal  hemodynamics  by  a  diminution  in  total  renal  blood 
flow  with  preferential  outer  cortical  ischemia  (7).  These  hemo¬ 
dynamic  alterations  result  in  a  decline  in  glomerular  filtration 
(3).  Despite  this  decline  'in  filtration,  the  tubular  transport 
defect  in  the  early  nephron  results  ’’n  continued  delivery  of  fluid 
of  altered  chloride  content  to  the  macula  densa  and  the  altered 
hemodynamic  changes  persist  (7).  In  addition,  as  cell  death  occurs 
in  those  segments  of  the  nephron  exposed  to  the  highest  concentra¬ 
tions  of  nephrotoxins ,  increase  in  permeability  occurs  so  that  back 
diffusion  of  bulk  solutes  across  the  tubular  basement  membrane  may 
result  in  significant  absorption  of  residual  filtrate  (8). 

b.  Although  the  abnormalities  in  tubular  transport  function 
have  been  observed  in  experimental  acute  renal  failure  induced  by 
various  models,  it  was  not  known  if  they  represent  the  primary 
alterations  as  suggested  above,  or  were  the  secondary  consequences 
of  ischemia.  Studies  were  therefore  carried  out  to  characterize 
the  effects  of  mercuric  chloride  and  uranyl  nitrate  on  membrane 
function.  These  studies  utilized  the  urinary  bladder  of  the  fresh 
water  turtle  (Pseudemys  scripta)  which  allowed  observations  on  an 
intact  membrane  of  mesonepheric  origin  in  an  ir[  vitro  preparation 
deprived  of  alterations  in  renal  or  systemic  hemodynamics  (9,  10). 
This  membrane  has  been  well  characterized  for  its  similarity  to 
the  mammalian  nephron  in  its  ability  to  transport  sodium  and 
secrete  hydrogen  and  in  its  ability  to  respond  to  aldosterone 
(11).  These  studies  demonstrated  that  both  uranyl  nitrate  and 
mercuric  chloride  inhibited  sodium  transport  across  the  short- 
circuted  urinary  bladder  of  the  turtle  when  added  to  the  mucosal 
but  not  the  serosal  side.  This  inhibition  could  be  reversed  by 
the  mucosal  addition  of  dithiothreitol ,  a  compourd  capable  of 
complexing  heavy  metals  and  maintaining  monothiols  in  solution. 
These  studies  provide  evidence  that  heavy  metals  may  directly 
result  in  alterations  in  membrane  transport  similar  to  those 
proposed  in  the  schema  above  and  similar  to  those  observed  in 
previous  studies  (3). 

Parallel  studies  were  performed  in  the  urinary  bladder  of  the 
fresh  water  toad  (Bufo  marinus)  to  assess  the  effects  of  heavy 
metals  on  membrane  permeability  (8).  This  anuran  membrane  is 
similar  to  that  of  Pseudemys  scripta  in  many  respects,  with  the 
exception  that  it  behaves  much  more  like  the  mammalian  nephron  in 
its  response  to  vasopressin.  These  studies,  also  performed  in 
yi^tro,  allowed  characterization  of  the  effect  of  mercuric  chloride 


on  vasopressin  mediated  osmotic  water  flow  and  on  passive  perme¬ 
ability  to  substances  of  higher  molecular  weight.  These  studies 
revealed  that  mercuric  chloride  after  short-term  incubation  (20 
minutes)  inhibits  vasopressin  stimulated  osmotic  water  flow  in  a 
reversible  fashion.  Long-term  exposure  to  mercuric  chloride  (120 
minutes)  resulted  in  increase  in  basal  permeability  of  the  mem¬ 
brane  to  water,  irreversible  inhibition  of  vasopressin  response, 
and  permeability  to  solutes  which  normally  do  not  cross  this 
membrane  (inulin,  mol.  wt.  5,000).  These  studies  suggest  that 
long-term  exposure  to  mercuric  chloride,  and  other  heavy  metals, 
may  result  not  only  in  altered  epithelial  transport  but  also  in 
increased  basal  permeability.  These  observations  therefore 
support  not  only  the  altered  transport  hypothesis  noted  above, 
but  also  the  role  of  tubular  back-diffusion,  postulated  as 
important  in  maintaining  the  later  stages  of  acute  renal  failure. 

c.  Previous  studies  from  this  laboratory  have  demonstrated 
that  dithiothreitol  is  capable  of  favorably  altering  the  course  of 
heavy  metal  induced  renal  failure  and  preventing  the  accompanying 
natriuresis  and  enhanced  juxta-glomerular  apparatus  renin 
activity  (12).  These  effects  have  been  interpreted  as  resulting 
directly  from  inhibition  of  the  effects  of  the  nephrotoxin  on 
tubular  transport  mechanisms.  Little  attention  has  been  directed 
to  an  alternative  hypothesis  that  dithiothreitol  might  be  binding 
to  specific  hormone  receptor  sites  and/or  interfering  with  the 
effect  of  the  renin-angiotensin  system  to  elicit  a  renal  ischemic 
response.  In  this  regard  several  investigators  have  also 
suggested  an  effect  of  antidiuretic  hormone  in  contributing  to  the 
cortical  ischemia  of  acute  renal  failure  (13).  Studies  recently 
completed  (14)  in  the  urinary  bladder  of  the  toad  (Bufo  marinus) 
indicate  that  dithiothreitol  produces  a  competitive,  reversible 
inhibition  of  antidiuretic  hormone-mediated  osmotic  water  movement 
across  this  membrane.  These  observations  are  compatible  with 
inhibition  of  the  hormone  receptor  site.  Observations  in  the 
isolated  rabbit  aorta  indicate  that  dithiothreitol  also  interfers 
with  the  angiotensin  receptor  site  and  inhibits  the  constrictor 
response  to  angiotensin  in  vitro  (15).  These  observations 
suggest  that  dithiothreitol,  in  addition  to  inhibiting  the  effect 
of  heavy  metals  on  membrane  transport,  as  noted  in  the  schema 
above,  may  also  interfere  with  the  effector  limb  of  the  response, 
namely  the  intrarenal  vasoconstrictor  response  as  mediated  by  the 
renin-angiotensin  system.  Studies  are  currently  in  preparation  to 
assess  the  in  vivo  effect  of  dithiothreitol  on  the  vasoconstrictor 
response  to  angiotensin  infusion  and  alternatively  to  determine  if 
dithiothreitol  might  directly  inhibit  the  release  of  renin  from 
the  juxta-glomerular  apparatus  in^  vitro.  A  model  to  study  this 
latter  effect  has  recently  been  developed  in  our  laboratory. 
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d.  Studies  have  been  continued  to  assess  the  mechanisms 
responsible  for  juxta-glomerular  renin  release.  Although  previous 
studies  of  the  effects  of  volume  contraction  or  volume  expansion 
on  renin  release  have  equated  the  effect  with  sodium  depletion  or 
repletion,  respectively,  recent  studies  suggest  that  the  chloride 
ion  rather  than  the  sodium  ion  is  the  responsible  species.  Studies 
by  Kotchen  et  al  (16)  would  suggest  that  plasma  renin  levels 
correlate  inversely  with  the  delivery  of  chloride  to  the  macula 
densa  regardless  of  the  accompanying  cationic  species.  Recent 
observations  from  this  laboratory  (6)  suggest  that  juxta-glomerular 
renin  content  is  also  inversely  related  to  distal  chloride  delivery 
rather  than  to  sodium  delivery.  Studies  are  currently  in  progress 
to  study  these  effects  directly. 

Studies  are  currently  in  progress  to  assess  the  relative  con¬ 
tribution  of  the  renal  lymphatics  to  the  overall  metabolism  of 
renin.  In  these  studies  the  thoracic  duct  is  cannulated  by  the 
method  of  Witte  et  al  (17).  Following  stabilization,  lymphatic 
and  venous  renin  activity  were  monitored  after  induction  of  volume 
expansion  or  contraction  and  both  are  finally  compared  to  renal 
juxta-glomerular  renin  content.  Thus  far  these  studies  indicate 
that  thoracic  duct  renin  content  parallels  systemic  release  and 
suggests  that  the  lymphatics  may  contribute  significantly  to  renin 
metabolism. 

e.  Effects  of  the  renal  vasoactive  hormones 

Although  the  renin-angiotensin  system  appears  to  be  of  primary 
importance  in  the  control  of  tubular-glomerular  feedback  and  in 
the  initiation  of  acute  renal  failure,  the  kidney  synthesizes 
other  vasoactive  substances  which  may  interact  with  the  renin- 
angiotensin  system  and  with  prostaglandins  which  appear  to 
contribute  significantly  to  modulation  of  renal  blood  flow,  and  to 
sodium  and  water  homeostasis  during  stress.  The  systemic  infusion 
of  prostaglandins  of  the  £  or  A  series  has  been  shown  to  be 
natriuretic  and  hyperemic.However ,  these  studies  have  been  sub¬ 
jected  to  the  criticism  that  they  do  not  mimic  the  effects  of 
endogenous  prostaglandin  production;  renal  prostaglandins  being 
currently  held  to  reach  their  site  of  action  directly  via  the 
tubules.  For  this  reason  we  have  chosen  to  circumvent  this  problem 
by  continuing  to  study  the  effects  of  the  prostaglandin  inhibitors, 
meclofenamate  and  indomethecin.  Previous  studies  from  this  and  other 
laboratories  (18)  have  produced  conflicting  results  regarding  the 
role  of  endogenous  prostaglandins  on  renal  blood  flow  and  sodium 
excretion.  These  conflicts  have  been  partially  resolved  since  it 
was  determined  that  considerable  differences  occurred  after  prosta¬ 
glandin  inhibition  in  conscious  as  opposed  to  anesthetized  dogs  (19). 
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In  the  conscious  dog  prostaglandin  inhibition  has  no  effect  on 
renal  blood  flow,  however,  it  reduces  renal  blood  flow  in  the 
anesthetized  dog  suggesting  that  normally  prostaglandins  have 
little  role  in  modulating  renal  blood  flow  but  that  in  states  of 
stress  prostaglandins  are  vasodilatory.  The  effect  of  prosta¬ 
glandins  on  sodium  excretion  remains  somewhat  controversial.  A 
recent  study  suggested  that  prostaglandin  inhibition  in  the 
conscious  dog  produced  a  natriuresis  suggesting  that  prosta¬ 
glandins  are  anti-natriuretic  (20).  Studies  reported  from  this 
laboratory  (19)  have  failed  to  confirm  this  latter  observation 
and  have  suggested  that  prostaglandin  inhibition  in  consicous, 
volume  expanded  dogs  did  not  significantly  alter  sodium  excretion. 
This  supports  the  hypothesis  that  prostaglandins  modulate  renal 
blood  flow  and  sodium  excretion  only  during  states  of  stress. 
Similar  conclusions  have  resulted  from  recently  reported  studies 
during  controlled  hemorrhagic  hypotension  in  the  conscious  dog(20). 

f.  In  addition  to  studying  the  mechanisms  and  reversibility 
of  nephrotoxic  acute  renal  failure,  studies  have  been  initiated 
to  develop  a  model  of  rhabdomyolys is- induced  acute  renal  failure. 
Renal  failure  is  associated  with  the  induction  of  rhabdomyolysis 
primarily  due  to  exertion,  heat  injuries,  drug  intoxication,  viral 
illness  and  potassium  depletion  (21).  Studies  from  this  labora¬ 
tory  (22)  and  the  surgical  research  unit  (23)  have  suggested  that 
in  addition  to  inadequate  physical  preconditioning,  mild  to 
moderate  potassium  depletion  may  predispose  the  recruit  to 
rhabdomyolysis  and  renal  failure.  Attempts  to  reproduce  exertional 
rhabdomyolysis  in  the  experimentally  potassium  depleted  animal  in 
the  past  have  been  unsuccessful,  largely  because  of  the  lack  of 
the  motivational  factor  in  the  animal.  In  attempting  to  find  a 
suitable  model  to  study  the  effects  of  exertion-induced  rhabdomo- 
lysis  we  have  utilized  the  model  of  the  potassium  depleted  rat 
trained  to  exercise  in  a  rotating  drum.  Preliminary  observations 
thus  far  indicate  that  potassium  depletion  alone  does  not  result 
in  significant  rhabdomolysis  in  this  model.  We  have  modified 
this  basic  model  to  include  the  superimposition  of  a  myotoxic 
drug  on  pre-existing  potassium  depletion.  In  these  studies  dietary 
potassium  depletion  in  induced,  as  corroborated  by  plasma  potassium 
levels  and  balance  studies,  and  the  animals  are  subsequently  treat¬ 
ed  with  plasmocid,  an  8-ami noquinol one  antimalarial .  Whereas 
neither  potassium  depletion  nor  plasmocid  alone  produce  signifi¬ 
cant  rhabdomolysis,  the  combination  produced  significant  rhabdomo¬ 
lysis  in  all  animals  studied.  This  was  corroborated  by  laboratory 
evidence  of  elevated  serum  glutamic-oxalic  transaminase  and 
creatine  phosphokinase  levels,  as  well  as  myoglobinuria  and  light 
miscroscopic  evidence  of  active  muscle  necrosis.  In  addition, 
azotemia  has  been  noted,  accompanied  by  histologic  evidence  of 
tubular  degeneration  and  pigmented  tubular  casts. 


These  preliminary  observations  suggest  that  this  model  may  be  of 
considerable  use  in  studying  the  mechanisms  of  rhabdomo lysis- 
induced  acute  renal  failure. 

2.  Acid  Base  Homeostasis 

a.  The  maintenance  of  extracellular  acid-base  homeostasis 
is  a  major  function  of  the  kidney.  In  appropriate  renal  responses 
to  shock,  sepsis  and  stress  may  result  in  life  threatening  systemic 
acidosis  or  alkalosis.  In  order  to  better  understand  the  tubular 
mechanisms  responsible  for  acid  base  homeostasis  so  that  more 
effective  therapeutic  modalities  might  be  devised  studies  were 
continued  to  further  define  the  metabolic  requirements  for  acidi¬ 
fication.  The  model  utilized  was  the  urinary  bladder  of  the  fresh 
water  turtle  (Pseudemys  scripta)  in  which  active  urinary  acidi¬ 
fication  has  been  shown  to  be  dependent  upon  oxidative  metabolism 
and  the  substrate  gllicose.  Studies  confirmed  that  inhibition  of 
hydrogen  transport  by  either  an  imposed  pH  gradient  or  by  acet- 
azolamide  resulted  in  decreased  glucose  metabolism  via  the  pentose 
shunt.  Conversely,  stimulation  of  hydrogen  transport  resulted  in 
increased  activity  of  the  pentose  shunt.  Both  of  these  parameters 
varied  independently  of  glycolylic  metabolism.  In  addition,  the 
pentose  shunt  pathway  enzyme  activity  was  found  to  be  localized  to 
the  mucosal  fraction  of  the  bladder  which  is  the  cell  layer  respon¬ 
sible  for  acidification.  These  studies  may  be  an  important  metab¬ 
olic  pathway  for  hydrogen  transport  by  the  turtle  urinary  bladder. 

3.  Regulation  of  Body  Water  Hoemostasis 

The  kidney  is  the  major  organ  responsible  for  maintaining  the 
constancy  of  volume  and  composition  of  the  fluid  which  bathes  and 
delivers  nutrients  to  the  cells  of  the  body.  In  this  regard  it 
functions  to  maintain  the  volume  and  osmotic  composition'  of  the 
body  fluids  within  very  narrow  limits.  Regulations  of  the  osmotic 
composition  (osmolality)  depends  primarily  on  the  availability  of 
water  intake  from  the  environment  and  the  appropriate  release,  or 
the  suppression  of  release  of  arginine  vasopressin,  the  mammalian 
antidiuretic  hormone.  The  release  of  vasopressin  for  the  pituitaty 
is  normally  under  osmotic  control.  The  pituitary  responding  to 
changes  in  osmotic  concentration  of  as  small  as  1-2%  with  appro¬ 
priate  release,  or  suppression  of  release,  of  vasopressin.  In 
states  of  volume  depletion  or  shock,  hypotensin  through  stimula¬ 
tion  of  carotid  baro-receptors  may  cause  release  of  vasopressin 
which  contribute  to  maintenance  of  intravascular  volume  but  which 
is  inappropriate  for  osmotic  regulation  and  results  in  hyponat¬ 
remia  and  hypoosmolal ity.  In  other  conditions,  such  as  tumors, 
infection,  central  nervous  system  disease  or  injury,  and  or 
administration  of  drugs  and  anesthetics,  vasopressin  may  be 


inappropriately  released  and  result  in  serious  retention  of  water 
and  hypoosmolal ity,  which  can  cause  life  threatening  metabolic 
disturbances.  Vasopressin  also  has  other  effects  which  may  be  of 
importance  in  body  homeostasis.  Vasopressin  administration  results 
in  increased  peripheral  resistance  with  reduction  in  renal  blood 
flow  and  has  been  implicated  in  the  production  of  acute  renal 
failure;  it  causes  release  of  renal  prostaglandins  which  partially 
countermand  its  vascular  effects,  and  it  appears  to  be  of  major 
importance  in  regulating  memory  (25). 

Because  of  the  importance  of  vasopressin  in  mediating  body 
water  homeostasis  and  its  importance  in  states  of  shock,  infection 
and  acute  renal  failure  studies  have  been  undertaken  to  further 
define  its'  mechanism(s)  of  action. 

a.  The  primary  recognized  function  of  vasopressin  is  to 
increase  the  permeability  of  the  distal  nephron  to  water  resulting 
in  increased  osmotically  mediated  reabsorption  of  water  from  the 
collecting  duct.  At  the  cellular  level,  following  binding  to  its 
receptor,  vasopressin  results  in  an  increased  adenylate  cyclase 
activity  with  increased  production  of  cyclic  adenosine  monophos¬ 
phate  (26).  Through  stimulation  of  a  protein  kinase,  cyclic 
adenosine  monophosphate  results  in  phosphorylation  of  a  membrane 
protein  and  the  formation  of  increased  numbers  of  microtubules, 
one  or  both  of  which  are  felt  to  result  in  increased  permeability 
of  the  apical  (urinary)  surface  of  the  tubular  cell  to  water  and 
to  urea.  The  intracellular  content  of  cyclic  adenosine  monophos¬ 
phate  is  also  regulated  by  a  phosphodiesterase  which  converts  it 
into  an  inactive  form  and  which  is  inhibitable  by  a  number  of 
drugs  such  as  theophyllin.  The  mechanism  of  attachment  of 
vasopressin  to  its  mucosal  receptor  has  been  held  in  the  past  to 
be  through  a  sul fhydryldithiol  interchange  as  it  has  been  demon¬ 
strated  that  agents  which  are  capable  of  reducing  or  binding 
sulfhydryl  groups  can  inhibit  one  or  more  of  the  actions  of  vaso¬ 
pressin  (27).  Recent  evidence  however  suggests  that  a  sulfhyry- 
Idithiol  interchange  may  not  be  necessary  for  maintenance  of 
vasopressin  activity  and  suggests  that  membrane  sulfhydryls  are 
important  in  receptor  function  for  other  reasons,  i.e.,  main¬ 
taining  structural  configuration  of  the  receptor  or  of  aqueous 
channels.  Because  sulfhydryl  groups  are  necessary  for  the  cellular 
action  of  vasopressin  to  occur,  we  undertook  a  study  of  the  effects 
of  sulfhydryl  inhibitors  on  vasopressin  responsiveness.  These 
studies  were  conducted  iji  vitro  in  the  urinary  bladder  of  the 
Dominican  toad,  Bufo  marinus,  an  epithelial  membrane  well  character¬ 
ized  for  its  responsiveness  to  vasopressin.  This  membrane  has 
been  previously  demonstrated  to  respond  to  vasopressin  by  increas¬ 
ing  its  permeability  to  urea  and  to  osmotically  induced  water  flow 
and  by  increasing  active  transport  of  sodium  from  mucosal  (urinary) 


to  serosal  surface.  The  effects  of  dithiothreitol ,  a  compound 
which  reduces  dithiols  and  stabilizes  sulfhydryls,  was  studied  on 
vasopressin  mediated  osmotic  water  flow.  Mucosal  dithiothreitol 
(lO^M)  was  shown  to  completely  inhibit  the  effects  of  submaximal 
vasopressin  (10  mU/ml )  on  osmotic  water  flow.  Inhibition  was 
reversible  either  by  removal  of  dithiothreitol  from  the  bathing 
media  or  by  the  addition  of  supramaximal  concentrations  of  vaso¬ 
pressin.  Studies  undertaken  to  evaluate  the  site  of  inhibition 
reveal  that  dithiothreitol  also  inhibits  the  response  to  theo- 
phyllin  and  to  dibutyryl-cycl ic  adenosine  monophosphate  suggesting 
that  inhibition  occurs  somewhere  beyond  the  generation  of  cyclic 
AMP.  Dose  response  curves  indicate  that,  while  both  mucosal  and 
serosal  dithiothreitol  inhibit  vasopressin  mediated  water  movement, 
a  much  higher  mucosal  concentration  is  required,  suggesting  that 
this  agent  does  not  act  directly  on  the  mucosal  epithelium  and 
that  sulfhydryl  groups  other  than  membrane  sulfhydryls  are  of 
importance  in  the  ultimate  action  of  vasopressin.  At  lower  con¬ 
centrations  (105m),  which  do  not  inhibit  the  action  of  vasopressin, 
dithiothreitol  produces  complete  and  apparently  irreversible  in¬ 
hibition  of  theophyllin  mediated  water  movement  suggesting  that 
it  interferes  with  the  interaction  of  theophyllin  with  phosphodi¬ 
esterase  or  acts  distal  to  the  formation  of  cyclic  adenosine 
monophosphate.  As  dithiothreitol  has  no  effect  on  vasopressin 
stimulated  water  movement  at  these  doses  it  would  suggest  that  the 
theophyllin  responsive  pathway  is  not  necessary  to  the  action  of 
vasopressin  in  this  membrane.  Preliminary  observations  suggest 
that  dithiolthreitol  does  not  affect  basal  or  vasopressin  stimu¬ 
lated  tissue  levels  of  cyclic  adenosine  monophosphate. 

b.  Numerous  studies  suggest  that  glucocorticoids  exert  a 
significant  effect  on  renal  water  handling  and  that  deficiency  of 
glucocorticoids  results  in  decreased  free  water  clearance.  Despite 
numerous  investigations  into  the  possible  mechanisms  of  gluco¬ 
corticoid  facilitation  of  renal  water  handling,  no  uniform 
concept  of  its  mode  of  action  has  involved.  Studies  were  therefore 
undertaken  in  adrenal ectomi zed  dogs  to  further  delineate  the 
mechanisms  of  the  glucocorticoid  effect.  Adrenal ectomi zed  dogs 
were  maintained  with  dexamethasone ,  DOCA  and  normal  (lOOmeg  daily) 
sodium  intakes  for  two  weeks  following  recovery  from  surgery. 

After  stabilization  on  this  regimen  the  animals  were  rendered 
glucocorticoid  insufficient  by  withdrawal  of  dexamethasone  for  48 
hours  prior  to  study.  Each  animal  was  studied  in  the  conscious 
state  after  both  glucocorticoid  withdrawal  and  again  while  on 
glucocorticoids  to  determine  the  effects  of  glucocorticoid  with¬ 
drawal  on  free  water  clearance,  glomerular  filtration  rate,  renal 
plasma  flow,  renal  plasma  renin  activity  and  plasma  vasopressin. 

In  addition,  prior  to  the  termination  of  each  study  the  animals 
received  the  prostaglandin  inhibitor  meclofenamate ,  2mg^kg,  to 


assess  the  role  of  prostaglandins  in  the  mechanism  of  glucocorticoid 
action.  Glucocorticoid  insufficiency  resulted  in  a  significant 
decrease  in  free  water  clearance  when  compared  to  the  glucocorticoid 
repleted  state,  10,4  +  2.6  vs.  22.9  +  1.9  ml/min  {p<.01).  This  was 
unrelated  to  changes  in  mean  arterial  blood  pressure,  glomerular 
filtration  rate,  or  renal  plasma  flow.  There  were  no  differences 
in  minimal  urinary  osmolality  in  each  group  and  plasma  renin  and 
vasopressin  were  consistantly  suppressed  in  both  groups.  Meclo- 
fenamate  produced  significant  inhibition  of  urinary  prostaglandins 
in  the  glucocorticoid  repleted  groups  and  did  not  further  suppress 
the  already  suppressed  levels  in  the  insufficient  group.  Prosta¬ 
glandin  inhibition  had  no  effect  on  free  water  clearance  in  either 
group.  These  studies  suggest  that  decreased  free  water  clearance 
with  glucocorticoid  insufficiency  is  independent  of  changes  in  blood 
pressure,  glomerular  filtration  rate,  renal  plasma  flow,  anti¬ 
diuretic  hormone  or  changes  in  renal  prostaglandin  production.  They 
support  the  contention  of  other  investigators  that  other  factors 
limiting  distal  fluid  delivery  (increased  proximal  reabsorption) 
are  of  importance  in  the  mechanism  of  impaired  water  handling  in 
glucocorticoid  insufficiency. 

4.  Phosphate  Homeostasis 

As  a  consequence  of  stress  or  acute  or  chronic  renal  failure, 
major  changes  in  concentration  of  plasma  phosphate  may  occur. 

Changes  in  plasma  phosphate  levels  have  important  implications  for 
wound  healing,  bone  metabolism  and  maintenance  of  cellular  integ¬ 
rity.  The  regulation  of  plasma  phosphate  levels  by  renal  re¬ 
absorption  and  excretion  of  this  complex  anion  is  a  major  physio¬ 
logical  control  mechanism.  Although  previous  studies  from  this 
laboratory  have  characterized  the  various  sites  along  the  nephron 
involved  in  phosphate  transport  (28),  little  is  know  about  the 
active  cellular  process  involved. 

Studies  have  been  designed  to  examine  the  influence  of  both 
extracellular  pH  and  buffer  conditions  on  trans-epithel ial  phos¬ 
phate  transport.  The  studies  were  carried  out  in  a  simplified 
transporting  epithelia,  the  isolated  bladder  of  the  fresh  water 
turtle.  Previous  studies  have  established  that  anuran  membranes 
can  be  acceptable  models  for  the  study  of  phosphate  transport  iji 
vitro  (29,  30). 

Net  mucosal  to  serosal  flux  of  phosphate  was  determined  as  the 
difference  between  undi recti onal  fluxes  in  the  absence  of 
transepithel ial  electrochemical  gradients.  With  5mM  phosphate  in 
bicarbonate  free  ringers  at  pH  8.4  Jp  was  21.8  +  7.4  nanM/hr/8cm2. 
There  was  a  slight  increase  in  Jp  with  isohydric  addition  of  lOmM 
HCO3  to  the  mucosal  bath.  Addition  of  S%  C02,  which  reduced  pH 
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to  7.3  did  not  affect  Jp.  At  pH  8.4,  Jp  was  not  affected  by 
addition  of  ouabain,  2-4  dinitrophenol ,  acetazolamide,  parathyroid 
hormone  or  3'-5'  cyclic  adenosine  monophosphate.  Jp  increased 
progressively  as  phosphate  concentration  was  raised  between  0.5 
and  10  mM  at  pH  8.4.  At  pH  6.2  in  the  absence  of  exogenous  C02 
and  bicarbonate,  Jp  was  undetectable.  With  2.5  mM  HCO3  and  5% 

C02  at  pH  6.5  Jp  was  61.3  +  16.0  nanM/hr/8cm2  and  decreased  to 
30.6  +  1.6  nanM/hr/8cm2  when  pH  was  raised  to  7.2  by  increasing 
bicarbonate  concentration  to  10  mM.  At  pH  6.5,  Jp  was  not 
affected  by  acetazolmide,  parathyroid  hormone  or  3'-5‘  cyclic 
adenosine  monophosphate  but  was  inhibited  by  ouabain  and  2-4 
dinitrophenol.  Jp  increased  progressively  as  phosphate  concen¬ 
tration  was  raised  between  0.5  and  10  mM  at  pH  6.5. 

The  results  suggest  the  existence  of  two  separate  pathways_ 
for  transepithel ial  phosphate  transport.  The  transport  of  HPO^ 
at  acid  pH  is  CO2  dependent  and  inhibited  by  ouabain  and  dinitro¬ 
phenol.  This  pathway  may  be  further  characterized  by  examination 
of  potential  cation  coupled  transport  suggested  by  inhibition  of 
Jp  associated  with  inhibition  of  transepithel ial  sodium  transport 
(31).  In  contrast,  the  transport  of  HPO^  at  alkaline  pH  is  not  COp 
dependent  or  inhibited  by  ouabain  or  dinitrophenol.  This  pathway 
may  be  further  characterized  by  the  use  of  inhibitors  specific 
for  anionic  transport  pathways  such  as  DIDS  or  SITS  (32). 

5.  Transport  by  Epithelial  Cells  in  Culture 

Recent  work  from  this  laboratory  has  stressed  the  role  of 
cellular  and  membrane  function  in  acid-base  homeostasis  (24), 
phosphate  homeostasis  (33)  and  acute  renal  failure  (34). 

Accumulated  evidence  from  a  number  of  laboratories  has  led  to  the 
suggestion  that  the  study  of  transport  by  epithelial  cells  in 
culture  can  increase  understanding  of  both  normal  homeostatic 
mechanisms  and  pathophysiologic  states  (35).  Cell  culture  offers 
obvious  advantages  over  other  in  vivo  or  iji  vitro  approaches: 

(1)  Cloning  permits  the  study  oT  a  homogeneous  population  of  a 
single  cell  type,  (2)  large  amounts  of  homogeneous  material  can 
be  grown  for  analytic  or  cell  fractionation  studies,  (3)  the 
environment  of  cells  in  culture  can  be  completely  regulated,  not 
only  during  in  vitro  measurements  but  for  long  periods  before 
study  and  (4l~genetic  techniques  can  be  used.  The  initial 
efforts  of  this  laboratory  in  conjunction  with  the  LKEM  of  NHLBI 
have  been  to  establish  primary  cell  lines  and  continuous  cultures 
of  transporting  epithelia  and  to  demonstrate  that  the  cells  in 
culture  maintain  the  differentiated  functional  properties  of 
interest.  Two  approaches  have  been  attempted;  (1)  primary 
culture  of  epithelial  cells  from  anuran  tissue;  (2)  use  of  estab¬ 
lished  lines  of  mammalian  kidney  cells  in  culture. 
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a.  Development  and  study  of  primary  and  continuous  cultures 
of  epithelial  cells  from  anuran  membranes. 

The  urinary  bladder  of  the  toad,  Bufo  marinus,  has  been  used 
extensively  to  study  active  transepithiTTal  sodium  transport  and 
the  regulation  of  transport  and  permeability  by  hormones.  Pri¬ 
mary  cell  cultures  of  epithelial  cells  from  toad  urinary  bladder 
have  been  grown  and  continuously  cultured  for  over  25  sequential 
passages  and  an  estimated  50  generations  (36).  Cells  are  harvested 
by  incubating  the  bladders  as  sacs  in  Ca++  and  Mg++  free  ringers 
containing  2  mM  EGTA.  The  cells  are  collected  and  resuspended  in 
Ca++  and  Mg++  free  ringers  without  EGTA  and  added  to  culture 
medium  in  plastic  dishes  incubated  at  28°C  in  a  humidified  atmos¬ 
phere  of  4%  C0„  in  air.  Culture  medium  is  a  mixture  of  seven 
parts  Coon's  modification  of  Hams  F-12  and  three  parts  Liebowitz 
L-15  modified  with  amphibian  salts  and  supplemented  with  toad  serum, 
calf  serum  and  beef  embryo  extract.  40%  of  primary  cultures  grow 
to  confluency  and  are  subcultured.  30%  of  lines  subcultured 
continue  to  grow.  Currently  six  lines  of  toad  bladder  epithelial 
cells  are  in  continuous  culture.  One  of  these  lines  has  been 
characterized  with  respect  to  transport  (37). 

Convincing  evidence  has  been  accumulated  that  the  cells  in 
culture  retain  characteristics  of  hormone  sensitive  transport 
typical  of  their  tissue  of  origin  (38).  When  grown  on  Nucleopore 
filters  and  studied  in  Ussing-type  chambers,  the  cells  develop  a 
transepithel ial  electrical  potential  (P.D.)  of  20.9  +2.6  mV, 
apical  surface  negative.  The  transepithel ial  resistance  (r)  is 
10,9000  +  100  ohm/cm^.  Both  P.D.  and  SCC  are  markedly  inhibited 
and  r  is  increased  by  removal  of  all  mucosal  sodium  or  by  exposure 
of  basal  surfaces  of  the  cells  to  ouabain.  These  observations 
suggest  that  the  SCC  is  primarily  related  to  active  sodium 
transport  as  it  is  in  intact  bladder.  The  cells  in  culture 
demonstrate  marked  stimulation  of  P.D.  and  SCC  and  decrease  in  r 
when  exposed  to  aldosterone.  Exposure  to  potent  analogs  of  cyclic 
AMP  causes  a  prompt  increase  in  SCC  primarily  through  a  decrease 
in  r.  Amiloride  appears  to  selectively  block  the  aldosterone 
induced  increment  in  SCC  and  has  no  effect  on  basal  or  C-AMP 
stimulated  SCC.  These  results  suggest  that  primary  cell  lines  can 
be  developed  in  culture  for  the  detailed  study  of  specific 
aspects  of  hormone  sensitive  transport. 

Primary  cell  lines  of  epithelial  cells  from  turtle  urinary 
bladder,  a  tissue  extensively  studied  in  this  laboratory,  have 
been  grown  using  similar  techniques,  but  have  not  as  yet  developed 
into  continuous  lines  capable  of  characterization  with  regard  to 
their  transport  properties. 
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b.  Mammalian  kidney  cells. 


The  cell  line  LLC-Pk, ,  developed  by  Eli  Lilly  Co.  is  derived 
from  an  unknown  cell  typ4  in  pig  kidney.  This  line  has  been 
shown  to  possess  hormone  sensitive  adenylate  cyclase  activity  (39) 
and  may  be  a  useful  model  system  if  it  could  be  characterized  with 
respect  to  its  transport  properties.  Preliminary  observations 
employing  techniques  developed  for  the  study  of  toad  urinary 
bladder  cells  indicate  that  these  cells  form  an  epithelial  sheet 
in  culture  with  a  comparatively  low  potential  difference  (2  mv) 
apical  surface  negative,  and  a  low  transepithel ial  potential 
difference  typical  of  "leaky"  epithelia.  Attempts  will  bf-  made 
to  determine  the  source  of  the  potential  difference  in  these  cells 
and  demonstrate  whether  it  is  sensitive  to  hormonal  influences. 
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23(U)  To  determine  if  platelet  Inhibitory  drugs  will  improve  the  patency  rate  of  human 
umbilical  vein  grafts  and  Bovine  grafts  used  in  arterial  and  venous  repairs  respectively 
To  determine  If  sympathectomy  in  combination  with  inhibition  of  platelet  function  will 
Improve  patency  rate  of  Bovine  grafts.  These  studies  are  militarily  relevant  in  that 
they  were  designed  to  help  develop  a  shelf  graft  for  use  in  repair  of  both  arterial 
and  venous  injuries  which  occur  frequently  in  combat  casualties. 

24(U)  Four  CM  segments  of  human  umbilical  veins  or  saphenous  veins  preserved  with 
either  gluteraldehyde  or  dialdehyde  starch  were  anastomosed  end  to  end  to  the  transected 
ends  of  both  ulnar  and  both  ft-moral  arteries  in  a  canine  model.  Similarly,  segments 
of  Bovine  grafts  were  anastomosed  end  to  end  to  the  transected  femoral  veins.  A 
sympathectomy  was  performed  and/or  platelet  inhibitory  drugs  were  used. 

25(U)  77  10-78  09  Twenty-five  human  vein  grafts  were  studied  from  3  days  to  6  months 

after  implantation.  Only  two  of  the  grafts  stayed  patent.  Tn  10  dogs  receiving 
Bovine  grafts  and  treatment  with  aspirin  plus  pcrsantln,  4  grafts  were  patent  at  14 
days.  Sympathectomy  did  not  Improve  the  patency  rate  in  the  8  grafts  which  have  been 
Implanted,  In  10  dogs  receiving  Bovine  grafts  and  no  treatment,  none  of  the  grafts 
were  patent  at  14  days. 

For  technical  report  see  Walter  Reed  Arny  Institute  of  Research  Annual  Progress  Report, 

I  Oct  77  -  30  Sept  78. 
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Project  3Ml6ll02Ev^'C..  .RESEARCH  ON  MILITARY  INJURY  AND  DISEASE 

Work  Unit  1 4^  Pathophysiology  of  Systemic  Responses  to  Shock 
and  Traiima 


Investigators 

Principal:  LTC  Arthur  W.  Fleming,  MC 
Associate:  LTC  George  J.  Collins,  MC 
COL  Norman  M.  Rich,  MC 

I.  Effects  of  Aspirin  on  Dialdehyde  Starch  Treated  and  Glutaral- 
dehyde  Treated  Human  Umbilical  Veins  Used  in  Small  Arterial 
Bypass  Procedures 

A.  Background  and  Statement  of  the  Problem.  Many  vascular 
substitutes  have  been  proposed  for  repairing  or  replacing  diseased 
or  injured  arteries  or  veins.  These  include  autografts,  allografts, 
zenografts,  and  synthetics.  However,  surgery  on  arteries  measuring 
less  than  2  mm  in  diameter  is  complicated  by  an  unacceptable  rate 

of  thrombosis  at  the  present  time  when  any  material  other  than 
autogenous  vein  or  artery  is  used.  Since  autogenous  material  is 
not  always  readily  available  for  vascular  reconstructive  procediures, 
especially  in  battle  casualties,  we  have  been  searching  for  viable 
alternatives.  The  potential  of  using  the  modified  umbilical  vein 
prosthesis  as  an  arterial  substitute  in  a  wide  variety  of  vascular 
reconstructions  has  been  pointed  out  by  Dardik  et  aJL.I  The  promising 
advantages  of  umbilical  veins  are:  they  are  readily  available  as 
an  onshelf  product,  they  handle  and  suture  easily,  they  possess  a 
biocompatible  blood  interface,  they  maintain  structural  integrity 
both  mechanically  and  histologically,  they  are  not  immxuiologically 
rejected  and  they  have  no  evidence  of  biodegradation.  These  vessels 
are  also  impervious,  valveless,  unbranched,  and  uniform  in  diameter. 

B.  Experimental  Approach.  Each  dog  was  anesthetized  with 
sodium  thiopental  (12.5  mg  per  kg),  intubated  and  ventilated  by  a 
positive  pressure  respirator  using  room  air.  The  ulnar  artery  on 
both  sides  was  exposed.  Heparin  was  administered  proximally  in  the 
ulnar  artery  in  a  dose  of  10  units  per  kg.  A  graft  4  cm  long  was 
then  anastomosed  end  to  end  to  the  ulnar  artery.  A  dialdehyde 
starch  treated  graft  was  placed  on  one  side,  and  a  gluteraldehyde 
treated  graft  was  placed  on  the  opposite  side.  At  a  later  date, 

a  similar  procedure  was  carried  out  on  the  common  femoral  arteries . 
Following  the  completion  of  the  anastomoses,  electromagnetic  flow 
measurements  were  made.  Graft  patency  was  further  confirmed  by 
arteriograms .  Dogs  were  randomly  placed  in  one  of  two  groups . 

Those  receiving  no  aspirin  were  placed  in  Group  I  and  those  receiving 
1.2  gm  of  aspirin  each  day  were  placed  in  Group  II. 
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C.  Results  and  Discussion.  Twenty-five  human  umbilical  vein 
grafts  were  studied  from  three  days  to  six  months  after  implantation. 
All  of  the  grafts  placed  in  animals  not  receiving  aspirin  thrombosed. 
Only  two  of  the  grafts  stayed  patent  in  animals  receiving  aspirin. 

It  should  be  noted  that  the  size  of  the  human  umbilical  veins  were 
3.1  and  4-0  mm  in  diameter  respectively  for  the  different  manu¬ 
facturers.  However,  the  diameter  of  the  vessels  in  which  the 
anastomoses  were  carried  out  was  usually  only  approximately  2  mm 
in  diameter.  Despite  early  patency  as  verified  by  electromagnetic 
flowmeter  measurements  at  the  time  of  operation,  the  majority  of 
these  grafts  thrombosed.  The  measurement  of  platelet  aggregometry 
using  ADP,  collagen,  and  epinephrine  suggested  that  adequate  levels 
of  aspirin  were  present. 

D.  Conclusions  and  Recommendations .  The  initial  trial  with 
human  umbilical  veins  was  very  disappointing.  Our  findings  are  in 
marked  contrast  to  certain  clinical  studies  that  have  been  reported. 
Since  we  attempted  to  use  very  small  vessels  for  anastomosis,  we 
have  now  elected  to  focus  our  attention  on  the  human  umbilical  artery 
which  is  usually  1  to  2  mm  in  diameter  and  more  closely  approximates 
the  size  of  the  vessel  that  we  are  attempting  to  repair. 

II.  Physiologic  and  Biochemical  Tolerance  to  Multiple  Phlebotomies 

A.  Background  and  Statement  of  the  Problem.  The  quantitation 
of  iron  intake  is  deemed  essential  in  interpreting  the  maximum 
volume  of  blood  that  can  be  safely  donated.  Recent  clinical  studies 
suggested  that  the  normal  adult  male  had  decreased  iron  stores 
after  the  donation  of  4  units  of  blood  per  year.  As  a  consequence, 
current  standards  are  that  an  adult  can  only  donate  4  units  of  blood 
per  year.  However,  the  study  on  which  this  decision  was  made  did 
not  docximent  the  amount  of  iron  intake.  The  physiologic  and  bio¬ 
chemical  tolerance  to  frequent  donations  of  blood  were  carried  out 
in  a  canine  model  in  which  the  precise  amounts  of  iron  administered 
could  be  quantitated. 

B.  Experimental  Approach.  Forty-six  dogs  weighing  19-34  kg 
were  bled  12. 55^  of  their  estimated  b]nod  volume  (EBV)  on  each  of 
eight  occasions  over  a  period  of  17  days.  Blood  samples  were  obtained 
prior  to  each  phlebotomy  for  hematocrit  (Hct),  hemoglobin  (Hgb), 
serum  iron  (Sl),  total  iron  binding  capacity  (TIBC),  serum  protein 
(SP)  and  serum  electrolytes  (SE).  Dogs  were  randomly  divided  into 

4  groups,  each  receiving  1  mg  of  iron  per  ml  of  blood  withdrawn; 

(l)  received  oral  iron  only;  (2)  received  multiple  iron  dextran 
injections  Intravenously  (IV);  (3)  received  a  single  bolus  dose  of 
iron  IV;  (4)  received  multiple  iron  injections  intramuscularly. 
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C.  Results  and  Discussion.  Following  the  removal  of  88  ml 
per  kg  of  body  weight,  dogs  receiving  only  oral  iron  had  a  decrease 

^  in  the  Hct  from  44-3  +  1.3/^  to  36.5  +  1.35^  and  a  decrease  in  the 

<  Hgb  from  16.1  +  0.6  grams  percent  to  12.8  +  0.7  grams  percent. 

Erythropoiesis  as  manifested  by  the  Hct  and  Hgb  was  not  further 
enhanced  by  the  addition  of  parenteral  iron  (p<.05).  SI,  TIBC, 
and  SE  were  not  significantly  altered  (p<.05).  SP  decreased  from 
7.7  +  0.4  to  6.3  +  0.1  grams  percent,  however,  there  was  only  a 
minimal  change  in  the  serum  albumin  (p<.05).  There  were  no  episodes 
of  arterial  hypotension  or  change  in  the  arterial-venous  difference 
in  oxygen  content,  after  undergoing  a  general  anesthetic  and 
thoracotomy  4  days  after  the  last  phlebotomy. 

D.  Conclusions  and  Recommendations.  With  a  documented 

adequate  daily  intake  of  iron,  approximately  100^  of  the  estimated  ^ 

blood  volume  can  be  removed  in  a  period  of  17  days  without  detri¬ 
mental  effects  in  a  dog.  This  suggests  that  healthy  blood  donors 
can  donate  more  frequently  if  adequate  exogenous  iron  is  taken. 

III.  Development  of  a  Practical  Autologous  Blood  Transfusion  ^ 

Program 

A.  Background  and  Statement  of  the  Problem.  The  risks 
associated  with  the  use  of  homologous  blood  transfusions  are  well 
documented  and  include  significant  acute  problems,  as  well  as 
long-term  morbidity  and/or  mortality  (allergic  and  febrile  reactions, 
viral  hepatitis  and  other  infectious  diseases,  Rh  sensitization 
and  non-red  cell  antigen  sensitization).  The  exclusive  use  of 
autologous  blood  transfusions  (autotransfusions)  for  elective 
operations  woiiLd  eliminate  almost  all  of  the  disadvantages  of 
homologous  blood  transfusions.  In  addition,  many  of  the  logistical 
problems  in  obtaining  certain  blood  types  would  be  decreased,  the 
tremendous  drain  that  is  occasionally  made  on  blood  bank  stores 
would  be  greatly  reduced,  and  national  blood  resources  could  be 
conserved.  In  addition  to  wishing  to  develop  a  self-perpetuating 
system,  we  also  wanted  to  provide  a  model  for  other  surgical  sub¬ 
specialties  . 

B.  Experimental  Approach.  Patients  who  were  to  undergo 
elective  surgical  procedures  at  Walter  Reed  Army  Medical  Center 
(WRAMC)  were  interviewed  by  a  member  of  the  surgery  team.  The 
need  for  transfusions  and  the  safety  inherent  in  using  autologous 
blood  were  explained  in  detail.  If  the  patient  was  accepted  into 
the  program,  an  informed  consent  form  had  to  be  signed  by  the 
patient  or  his/her  legal  guardian.  Blood  was  then  donated  and 

collected  according  to  American  Association  of  Blood  Bank  Standards  - 

and  preserved  as  full  blood,  fresh  frozen  plasma,  packed  cells  or 

frozen  packed  cells.  ] 


L  Resiilta  and  Discussion.  Three  hundred  and  six  patients 


donated  one  or  more  units  of  autologous  blood  before  undergoing 
an  elective  surgical  procedure  at  Walter  Reed  Army  Medical  Center. 
Although  some  of  the  versatility  and  flexibility  of  our  program 
could  be  directly  attributed  to  the  use  of  frozen  blood,  lacking  this 
capability  should  not  deter  surgical  services  from  being  involved 
in  an  active  autologous  blood  transfusion  program.  The  niimber  of 
units  of  blood  most  frequently  requested  and  used  for  elective 
operations  in  our  Institution  (excluding  open  heart  surgery)  was 
two  units. 


D.  Conclusions  and  Recommendations.  The  enthusiasm  which 
patients  with  severe  cardiovascular  disease  have  shown  for  this 
program,  the  minimal  problems  that  have  been  encountered,  the 
freedom  from  severe  complications,  the  multiple  benefits  derive 
and  the  subsequent  involvement  of  those  in  other  surgical  sub¬ 
specialties  suggest  that  this  program  can  grow  in  scope  and  depth 
as  time  passes.  Although  we  strongly  endorse  the  use  of  autologous 
blood  for  all  truly  elective  operations,  there  can  be  no  substitute 
for  the  overall  judgement  of  the  physician  especially  for  patients 
with  coronary  artery  disease. 

IV.  Demonstration  and  Removal  of  Cardlotoxic  Substances  in 

Irreversible  Hemorrhagic  Shock 

A.  Background  and  Statement  of  the  Problem.  The  main  cause 
of  death  for  surgical  patients  in  Vietnam  between  1  January  - 
31  December  1969,  other  than  head  injuries  (42.5?),  was  hemorrhagic 
shock  which  occurred  in  23.9?  of  patients. ^  The  term  hemorrhagic 
shock  was  used  to  describe  the  cause  of  death  when  the  patient 
developed  cardio-respiratory  arrest  following  an  episode  of 
peripheral  vascular  collapse  which  was  considered  to  be  directly 
related  to  massive  bleeding  not  responsive  to  blood  transfusions. 
Wiggers  in  1945  reported  results  that  strongly  suggested  that 
failure  of  transfusions  in  hemorrhagic  shock  was  not  necessarily 
due  to  imsuitability  of  solutions  used;  nor  chiefly  to  loss  of 
plasma  or  solutions  through  damaged  capillaries;  or  failure  of 
venous  return;  but,  frequently  at  least,  was  attributable  to  myo¬ 
cardial  depression,  i.e.,  to  a  reduced  reaction  to  equivalent 
venous  filling  pressures. 3  Our  hypotheses  was  that  these  cardio- 
toxic  substances  can  be  removed  from  the  circulation  by  total  body 
washout . 


B.  Experimental  Approach.  Animals  were  bled  approximately 
100?  of  their  estimated  blood  volume  over  a  period  of  17  days  to 
obtain  blood  for  reinfusion  following  hemorrhagic  shock.  Animals 
were  placed  in  hemorrhagic  shock  using  a  modified  Wiggers  technique. 
Animals  were  maintained  at  a  reduced  arterial  pressure  of  50  mm  of 


mercury  for  90  minutes  and  then  at  a  critical  level  of  30  mm  of 
mercury  for  another  45  minutes  by  careful  withdrawal  of  small 
additional  amounts  of  blood.  At  the  time  of  resuscitation,  a 
total  body  washout  was  performed  using  a  clear  prime  and  total 
cardiopulmonary  bypass.  The  banked  blood  that  had  previously 
been  drawn  was  then  slowly  reinfused  and  diuretics  administer-d 
to  bring  the  hematocrit  back  to  normal. 

C.  Results  and  Discussion.  Preliminary  data  has  demonstrated 
that  this  modified  Wiggers  model  is  uniformly  fatal  in  the  control 
group.  The  technique  of  total  body  washout  and  reinfusion  of 
autologous  banked  blood  is  still  in  its  preliminary  stages,  however, 
results  to  this  date  have  been  promising.  Initial  problems  have 
been  with  a  marked  degree  of  hemodilution.  The  recent  acquisition 
of  a  cell-saver  is  expected  to  help  reduce  the  degree  of  hemo¬ 
dilution  that  has  been  encountered  thus  far. 

D.  Conclusions  and  Recommendations.  Total  body  washout  and 
autologous  banked  blood  still  holds  promise  as  a  potential  technique 
for  reversing  irreversible  shock.  At  the  present  time,  this 
technique  is  considered  as  still  in  the  developmental  stage. 

V.  Vena  Caval  Interruption  in  Pulmonary  Hypertensive  Canines 

A.  Background  and  Statement  of  the  Problem.  In  1934>  Homan's 
recommended  venous  Interruption  for  the  prevention  of  pulmonary 
embolism.  Since  that  time,  many  prominent  surgeons  have  recommended 
either  partial  or  complete  interruption  of  the  Inferior  vena  cava 
for  the  prevention  of  pulmonary  embolism.  Physiologic  studies 
comparing  the  impact  of  these  two  procedures,  i.e.,  partial  or 
complete  inferior  vena  caval  interruption  have  been  gathered  in 
normotensive  rather  than  pulmonary  hypertensive  animals.  In  these 
experimental  preparations,  it  has  not  been  possible  to  conclusively 
demonstrate  whether  or  not  partial  interruption  has  a  lesser 
physiologic  impact  than  complete  interruption.  The  purpose  of  our 
study  was  to  measure  the  physiologic  effects  of  partial  and  complete 
vena  caval  interx’uption  in  pulmonary  hypertensive  animals. 

B.  Experimental  Approach.  Thirty  adult  mongrel  dogs  of 
either  sex  weighing  between  20  and  30  kgms  were  anesthetized  with 
pentobarbital  (30  mgm/kgm).  A  large  bore  cannula  was  inserted  into 
the  left  external  jugular  vein.  A  Swan-Ganz  catheter  was  inserted 
into  the  pulmonary  artery  via  the  right  external  jugular  vein.  The 
right  femoral  artery  and  vein  were  cannulated  with  polyethylene 
tubing.  Measurements  taken  during  each  experiment  were  systemic 
arterial  pressure,  pulmonary  arterial  pressure,  femoral  venous 
pressure,  cardiac  output,  and  heart  rate.  In  addition,  arterial 
p02,  pCO^,  pH,  saturation  and  hemoglobin  concentration  were  determined. 


Animals  were  divided  evenly  into  three  groups  on  a  random  basis: 
Group  I  animals  had  pulmonary  embolisms  only;  Group  II  had  pulmonary 
embolisms  plus  inferior  vena  caval  ligations;  and  Group  III  animals 
had  pulmonary  embolisms  plus  Inferior  vena  caval  clippings  using 
a  four  channel  serrated  Teflon  clip.  Serial  determinations  of  the 
previously  mentioned  parameters  were  made  at  15  minute  intervals 
for  two  hours.  Chest  roentgenograms  and  inferior  vena  cavagrams 
were  obtained  in  five  dogs  from  the  group  having  pulmonary  embolisms 
plus  Inferior  vena  caval  clippings  and  five  dogs  from  the  group 
having  inferior  vena  caval  ligations. 

C.  Results  and  Discussion.  The  objective  of  effecting  a 
20-25/6  reduction  in  systemic  arterial  pressure  with  stabilization 
was  achieved  in  93.3%  of  dogs.  The  pulmonary  embolism  sufficient 
to  cause  the  desired  level  of  hypotension  regularly  caused  increased 
pulmonary  arterial  pressure.  Right  heart  strain,  as  reflected  by 
an  increase  in  femoral  venous  pressure,  also  occurred  in  all  groups. 
Despite  differences  in  absolute  numerical  values,  the  increase 
from  baseline  to  post-embolic  femoral  venous  pressure  was  statis¬ 
tically  significant  in  all  groups.  Cardiac  output  response  to 
embolism  was  variable  but  was  reduced  after  embolism  in  63.3% 
of  dogs.  Heart  rate  response  was  also  variable  with  only  33.3% 
of  dogs  having  an  increased  heart  rate  when  first  measured  after 
massive  pulmonary  embolism.  Throughout  the  two  hour  observation 
period,  cardiac  output  continued  to  fall  in  all  groups.  Both  vena 
caval  clipping  and  ligation  caused  a  lowering  of  cardiac  output 
over  and  above  that  which  occurred  with  pulmonary  embolism  alone. 

By  the  end  of  the  observation  period,  cardiac  outputs  were 
essentially  equal  for  both  types  of  caval  interruption  but  both 
of  these  groups  of  animals  had  lower  outputs  than  dogs  having 
pulmonary  embolism  alone.  Although  initial  cardiac  output  responses 
were  variable,  by  the  end  of  the  two  hour  observation  period  all 
dogs  had  lower  cardiac  outputs  than  before  embolism.  In  all  groups, 
systemic  arterial  pressures  remained  below  pre-embolism  levels 
throughout  the  two  hour  observation  period.  In  the  group  under¬ 
going  vena  caval  ligation,  there  was  a  fall  in  systemic  arterial 
pressLure  from  147.5  +  12.2  before  embolism  to  111.9  +  8.3  after 
embolism.  This  was  followed  by  a  secondary  fall  to  92.5  +  4.7 
measured  fifteen  minutes  after  ligation  (p<0.025).  In  the  group 
undergoing  partial  vena  caval  interruption,  there  was  only  a  slight 
fall  from  104.7  +  3.5  to  100.0  +7.2  when  measured  fifteen  minutes 
after  clipping.  This  was  not  statistically  significant.  After 
embolism,  pulmonary  arterial  pressure  remained  above  pre-embolism 
levels  in  all  groups.  Similarly,  femoral  venous  pressure  remained 
above  pre-embolism  levels  throughout  the  two  hour  observation 
period  in  all  groups.  The  value  after  two  ho\irs  of  22.4  +  2.3 
in  the  ligation  groups  was  significantly  higher  than  either  the 
value  of  7.7  +  2.1  in  the  group  of  pulmonary  embolism  plus  vena 


caval  ligation. 


These  data  demonstrate  that  massive  pulmonary  embolism  causes 
severe  hemodynamic  derangements.  While  minor  pulmonary  emboli  may 
cause  insignificant  and  often  transitory  changes  in  parameters 
such  as  systemic  arterial  pressure,  pulmonary  arterial  pressure, 
and  cardiac  output,  repetitive  emboli  have  an  additive  effect  and 
a  point  will  eventually  be  reached  at  which  a  sustained  elevation 
of  pulmonary  arterial  pressure  occurs .  These  relationships  have 
been  previously  demonstrated  by  us  when  successive  five  cc  volumes 
of  autologous  clot  were  embolized  and  pulmonary  arterial  pressures 
were  measured.  Concurrent  with  the  increase  in  pulmonary  arterial 
pressure  one  may  expect  a  decrease  in  systemic  arterial  pressure. 

If  the  embolus  is  massive  enough  to  produce  right  heart  strain, 
peripheral  venous  pressure  will  also  become  elevated.  On  a  purely 
mechanical  basis,  a  truly  massive  embolus  must  occur  in  order  to 
effect  these  hemodynamic  derangements.  The  actual  weight  of  glass 
beads  that  were  embolized  in  our  experiment  averaged  73.1  gms. 

Our  results  indicate  that  pulmonary  embolism  itself  causes  and 
may  sustain  severe  hemodynamic  derangements .  Either  method  of  vena 
caval  interruption  then  has  a  significant  impact  in  animals  with 
impaired  cardiovascular  homeostasis.  Our  data  argue  only  slightly 
in  favor  of  a  lesser  impact  from  vena  caval  clipping  than  from  vena 
caval  ligation.  Vena  caval  ligation  caused  a  greater  decrease  of 
cardiac  output  and  systemic  arterial  pressure  at  15  minutes  than 
vena  caval  clipping.  Presumably  this  was  because  of  an  acute 
reduction  of  venous  return,  but  definite  conclusions  should  not  be 
drawn  since  the  differences  between  groups  were  not  statistically 
significant.  In  the  face  of  cardiac  decompensation,  vena  caval 
ligation  could  presumably  be  beneficial  because  of  a  phlebotomy 
effect.  Any  such  effect,  may  be  short  lived  because  of  the  rapid 
development  of  venous  collateral  channels .  We  were  able  to 
demonstrate  the  rapid  opening  of  such  collateral  channels  by  doing 
phlebograms  in  the  immediate  post-ligation  period. 

D.  Conclusions  and  Recommendations.  It  can  be  concluded 
from  these  studies  that  when  either  vena  caval  clipping  or  vena 
caval  ligation  are  performed  in  the  face  of  altered  hemodynamics 
as  in  the  unstable  individual  who  has  undergone  massive  pulmonary 
embolism,  there  will  be  a  further  reduction  of  systemic  arterial 
pressure  and  cardiac  output.  After  a  period  of  90  to  120  minutes, 
the  effects  of  these  two  procedures  appeared  to  be  equivalent. 

When  sufficient  venous  collaterals  are  present,  the  major  deter¬ 
minant  of  the  ultimate  outcome  is  the  impact  of  the  embolus  itself 
rather  than  the  type  of  procedure  used  to  interrupt  the  inferior 
vena  cava.  Because  of  the  inability  to  predict  the  presence  or 
absence  of  such  collaterals  in  the  operating  room  or  even  pre- 
operatively,  we  are  swayed  by  these  experiments  to  recommend 


partial  rather  than  complete  interruption  of  the  inferior  vena 
cava  for  prevention  of  pulmonary  embolism. 
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23  (U)  To  evaluate  the  effects  of  septic  shock  on  the  integrity  of  the  gastric  mucosa 
and  upon  gastrointestinal  visceral  blood  flow.  To  determine  the  effect  of  gram¬ 
negative  bacterial  infection  as  opposed  to  pharmacologically  prepared  "endotoxin."  To 
determine  the  effects  of  various  portacaval  shunts  on  gastrointestinal  visceral  blood 
flow.  War  combat  casualties  with  abdominal  injuries  frequently  develop  gram-negative 
bacterial  infection  and  occasionally  receive  injuries  requiring  portacaval  type  shunts. 

24  (U)  Radioactively  tagged  microspheres  were  used  for  flow  measurements.  These  were 
injected  into  the  heart  where  they  mix  with  the  blood.  Microspheres  were  then  dis¬ 
tributed  to  the  periphery  with  the  blood.  A  reference  sample  was  taken  at  a  known 
flow  rate  to  determine  actual  flows.  Intraabdominal  sepsis  in  Rliesus  monkeys  was 
produced  by  injecting  F,-Coli  bacteria  into  the  gall  bladder  in  which  the  cystic  duct 
and  artery  had  been  ligated. 

25  (II)  77  10  -  78  09  The  model  for  abdominal  sepsis  is  being  developed.  Difficulty 
was  encountered  determining  the  appropriate  dose  of  F-Coli  to  produce  sepsis  without 
producing  death  in  the  first  24  hours.  The  microsphere  techniques  for  determining 
blood  flow  are  now  well  developed.  Methodologic  problems  for  evaluating  the  primate 
gastric  mucosal  barrier  still  need  resolution.  Kvaluation  of  the  effect  of  portacaval 
shunts  with  microspheres  is  ongoing.  Hepatic  arterial  blood  is  increased  by  approx¬ 
imately  100  percent  one  hour  after  side  to  side  portacaval  or  interposition  mesocaval 
shunts.  Flows  return  to  control  values  by  3  weeks  after  shunting,  however. 

For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 
1  Oct  77  -  30  Gept  78. 
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Investigators 

Principal:  MAJ  Clay ten  H.  Shatney,  MC 
Associate:  MAJ  John  W.  Harmon,  MC 

I .  Comparison  of  Total  Hepatic  Arterial  Blood  Flow  using  Gamma- 

Labeled  Microspheres  Following  Porta-systemic  Shunting 

A.  Background.  Porta-caval  shunts  have  been  extensively 
utilized  in  the  treatment  of  bleeding  esophageal  varices  secondary  to 
hepatic  cirrhosis.  This  procedure  also  has  a  potential  role  in  the 
treatment  of  intestinal  schistosomiasis  and  in  the  reconstruction 
of  the  traumatized  portal  system.  Although  portacaval  shunts  are 
effective  in  controlling  variceal  hemorrhage,  hepatic  failure 
following  shunting  can  occur  acutely  or  chronically  and  appears 
in  a  significant  percentage  of  shunted  patients.  Hepatic 
decompensation  has  been  attributed  to  the  loss  of  portal  inflow 
to  the  liver  by  the  shunt.  Because  of  this  possibility  the 
interposition  (H  graft)  mesocaval  shunt  was  developed,  and  its 
proponents  claimed  that  it  w^s  hemodynamically  superior  to  the 
standard  porta-caval  shunts. 

This  laboratory  recently  studied  the  portal  hemodynamics  of  three 
portasystemlc  shunt^  using  gamma-labeled  microspheres  to  e\a]uate 
portal  blood  flow,  A  comparision  w<as  made  between  the  hepatopetal 
portal  blood  flow  following  end-to-slde  and  slde-to-side  porta¬ 
caval  shunts  and  mesocaval  interposition  shunts.  The  microsphere 
technique  showed  that  about  60%  of  the  portal  flow  to  the  liver 
was  preserved  by  the  mesocaval  shunt  and  virtually  none  by  the 
side-to-side  porta-caval  shunt.  'Hie  results  indicate,  therefore, 
that  the  side-to-side  porta-caval  shunt  is  Identical  to  the 
end-to-slde  shunt  with  regards  to  portal  hemodynamics.  Since  the 
incidence  of  hepatic  failure  is  reportedly  less  after  side-to- 
side  porta-caval  shunting,  changes  in  portal  blood  flow  cannot  be 
solely  responsible  for  hepatic  decompensation  after  portasystemlc 
shunts . 

Another  possible  contributing  factor  in  post-shunt  hepatic 
failure  is  the  volume  of  arterial  blood  flowing  to  the  liver. 

It  has  been  postulated  that  with  the  loss  of  portal  inflow  there 
is  a  compensatory  increase  in  hepatic,  arterial  blood  flow  in 
order  to  provide  sufficient  oxygen  to  the  liver  for  its  metabolic 
needs.  However,  there  is  no  general  agreement  in  the  literature 
^n^this  point.  Some  studies  have  shown  increased  arterial  flow, 

’  while  others  have  demonstrated  a  reduction  in  both  hepatic 
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arterial  flow  and  oxygen  consumption  following  porta-caval 

shunting.  ’  We  attempted  to  resolve  the  question  of  arterial 
blood  flow  to  the  liver  after  portasystemic  shunts  with  the  use 
of  gamma-labeled  microspheres,  which  allowed  us  to  determine  the 
total  input  to  the  liver  from  all  arterial  sources. 

B.  Experimental  approach.  Fifteei*.  mo  i,rel  dogs  anesthetized 

with  Halothane  were  randomly  assigned  to  three  groups:  sham 
operated,  side-to-side  portacaval  shunt,  and  H-graft  mesocaval 
shunt.  Pulmonary  artery  pressure,  cardiac  output,  hepatic 
arterial  blood  flow  and  visceral  blood  flow  were  determined  prior 
to  and  1  hour  and  3  weeks  after  shunting,  when  the  animals  were 
sacrificed.  Cardiac  output  was  measured  by  thermodilution  and 
o^^an  h^god  50+3  u  radioactive  microspheres 

(  Cr,  Sr,  Ce)  injected  into  the  left  ventricle. 

C.  Results  and  discussion.  Cardiac  output  and  pulmonary 
artery  pressure  did  not  change  significantly  during  the  study. 
Hepatic  arterial  blood  flow  (HABF)  and  individual  visceral  organ 
blood  flow  (ml/100  gras  tissue/min)  are  tabulated  below  (mean  flow 
+SE). 

Liver  Small  Large 

(HABF)  Bowel  Bowel  Spleen  Pancreas  ‘stomach  Omentum 

Sham 


Baseline 

19+4 

38+6 

50+8 

123+28 

31+8 

52+12 

6+2 

1  hour 

33+4 

45+11 

47+9 

124+34 

40+15 

31+8 

19+3* 

3  weeks 
Mesocaval 

23+10 

42+8 

38+6 

139+31 

46+15 

30+5 

5+1 

Baseline 

29+10 

29+7 

58+12 

86+24 

47+12 

35+9 

2+1 

1  hour 

81+9* 

36+8 

49+7 

119+46 

48+16 

51+16 

19+6* 

3  weeks 
Pcirtacaval 

38+8 

75+14*60+13 

135+36 

63+26 

39+3 

6+1* 

baseline 

17+3 

22+2 

37+5 

172+25 

56+18 

28+7 

2+1 

1  hour 

46+10* 

41+6* 

52+8 

134+37 

87+26 

40+6 

17+4* 

3  weeks 

24+8 

48+8* 

47+10 

86+8* 

86+25 

35+10 

4+2 

*differs  from  baseline  at  p  ^.05 


Total  hepatic  arterial  blood  flow  significantly  increases 
immediately  after  mesocaval  or  side-to-side  portacaval  shunting, 
but  within  3  weeks  hepatic  arterial  blood  flow  returns  to  pre¬ 
shunt  levels.  The  increase  in  HABF  is  Independent  of  changes 
in  cardiac  output  or  circulating  blood  volume,  as  gauged  by 
pulmonary  artery  pressure,  and  is  apparently  a  transient 
compensatory  response  to  the  reduction  in  hepatic  portal  flow. 
The  persistent  increase  in  small  bowel  blood  flow  after  both 
shunts  and  the  changes  in  splenic  and  omental  flow  after 
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portacaval  and  mesocaval  shunting,  respectively,  probably  reflect 
changes  in  outflow  resistances,  which  vary  for  each  visceral 
organ  with  the  type  of  shunt. 

D.  Conclusions  and  recommendations.  Following  either 
side-to-side  portacaval  or  H-graft  mesocaval  shunting  there  is 
a  transient,  significant  increase  in  hepatic  arterial  blood 
flow  and  a  long-term  Increase  in  blood  flow  to  the  small  intestine 
Our  data  indicate  the  need  to  evaluate  distal  portal  vein 
arterlalization  in  conjunction  with  portasystemic  shunting  as  a 
means  of  preventing  the  permanent  loss  of  much  of  the  portal 
hepatic  blood  flow  after  shunting  •—  a  loss  for  which  the  hepatic 
arterial  circulation  does  not  compensate. 


Changes  in  the  Integrity  and  Function  of  Primate  Gastric 
Mucosa  During  Gram-negative  Septic  Shock.  Development  of 
a  Model  System 


A.  Background.  Gram-negative  septic  shock  remains  a  serious 
threat  in  our  hospitals,  despite  a  large  body  of  knowledge  gained 
through  clinical  and  experimental  investigations.  The  incidence 
of  gram-negative- rod  bacteremia  has  steadily  increased  during  the 
past  two  decades  through  the  com^l^gtion  of  a  number  of  host, 
agent  and  transmission  factors.  ’  Renal  failure,  respiratory 
insufficiency,  heart  failure,  and  gastrointestinal  bleeding 
are  frequent  complications  of  septic  shock.  Approximately  30% 
of  these  patients  experience  at  least  one  episode  of  upper 
gastrointestinal  bleeding,  which  is  due  hemorrhagic  (stress) 
gastritis  in  the  vast  majority  of  cases. 


Septic  shock  and  its  complicat  icins  have  been  extensively 
Investigated  during  the  past  20  years.  Endotoxin  shock  has  been 
the  primary  method  of  studying  the  pathophysiology  and  treat¬ 
ment  of  septic  shock.  However,  due  to  numerous  pathophysiologic 
differences  between  human  septic  shock  and  experimental  endotoxin 
shock,  the  latter  has  frequently  been  criticized  a^2^5^t'8 
Inadequate  reproduction  of  the  clinical  situation.  ’ 


Tlie  need  for  an  experimental  preparation  of  septic  shock 
wliich  closely  approx  1  m.ates  tlie  clinical  setting  prompted  a  series 
of  investigations.  A  new  model  of  septic  shock  was  developed, 
based  on  tiie  crea^^on  of  an  ischemic,  infected  (^.  coli)  gall- 
L ladder  in  dogs.  As  in  clinical  septic  shock,  two  distinct 
patterns  of  hemodynamic  responses  were  observed.  About  25%  of 
the  anlm.ils  developed  a  normo-  to  hypodynamlc  circulatory  status, 
and  75%  responded  witli  an  Increase  In  cardiovascular  dynamics. 

Tlie  mortality  rate  was  100%  in  the  low  flow  group,  with  a  mean 


■V  « 

'  1 


survival  of  three  days.  The  high  flow  subset  experience  a 
mortality  rate  of  90%  with  a  mean  survival  of  five  days. 

Virtue lly  all  animals  had  bloody  diarrhea  following  the  intro¬ 
duction  of  sepsis.  We  proposed  to  use  this  same  technique  in  the 
Rhesus  monkey  to  see  if  we  could  develop  a  new  model  to  study 
the  effects  of  sepsis  and  shock  on  the  integrity  and  function  of 
the  gastric  mucosa. 

B.  Experimental  approach.  Rhesus  monkeys  weighing  4-8kg 
were  tranquilized  (2mg/kg  Sernylan  IM)  and  brought  to  the  operating 
room.  Prior  to  anesthesia  gastric  mucosal  integrity  and  potential 
difference  (P.D.)  were  measured  endoscopically  using  trans- 
endoscopic  electrodes  The  monkeys  were  then  anesthetized  with 
Halothane.  Arterial  and  venous  cannulas  were  Introduced,  as  well 
as  Swan-Ganz  catheters.  After  baseline  hemodynamic  and  hematologic 
studies,  the  abdomen  was  opened  and  the  cystic  artery  and  duct 
ligatedg  A  suspension  of  E.  coll  (Type  ATCC  25922)  containing 

10  ,  10  or  10  organisms  per  kg  was  injected  into  the  gall 
bladder.  The  abdomen  was  then  closed,  and  the  animal  returned  to 
his  cage.  Thereafter  gastric,  hemodynamic  and  hematologic  studies 
were  repeated  dally  until  the  monkey  succumbs  from  septic  shock. 

C.  Results  and  discussion.  Initial  inves^lgatlong  have 
indicated  that  a  dosage  of  E.  coll  containing  10  and  10 
organisms  per  kg  in  the  monkey  leads  to  death  in  24  hours  and  42 
hours  respectively.  These  investigations  have  demonstrated  the 
feasibility  of  this  technique  for  the  production  of  septic  shock 
in  the  Rhesus  monkey.  However,  a  dosage  of  10  E.  coll  per  kg 
appears  to  be  ideal  for  this  species,  since  it  is  perferable  that 
the  animals  remain  septic  for  approximately  2-4  days  before 
succumbing. 

D.  Conclusions  and  recommendations.  Preliminary  studies  have 
demonstrated  the  feasibility  of  using  an  infected.  Ischemic  gall 
bladder  model  to^create  septic  shock  in  the  Rhesus  monkey.  An 
innoculate  of  10  E^  co]_i  per  kg  appears  to  be  the  most  adequate 
dosage.  Formal  investigation  of  this  new  septic  shock  technique 

is  currently  being  pursued. 
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(0)  Mxygen  Comsujnption;  (U)  Tissue  Respiration;  (U)  Organ 
(Uj  Pulmonary  junction;  (CJ  Sickle  Cell  Disease;  (IJ)  Cutaneous  tij ood  Flow 
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23  (IJ)  To  refine  techni'^ues  for  quantifying  regional  blood  flow  and  to  define  the  role 
of  the  central  nervous  system  on  the  control  of  cardiovascular  responses.  To  determine 
whether  sickle  hemogiohin  red  cells  treated  with  pyridoxine  can  be  altered  to  have  a 
reduced  affinity  for  oxygen  and  tnu;;  an  increased  delivery  of  oxygen  to  tissues.  To 
determine  the  airway  cloning  capacity  during  general  anesthesia.  Further,  to  define  the 
characteristics  of  cutaneoun  blood  flow  after  wound  production.  Tliese  studies  apply 
directly  to  respiratory  and  hemodynamic  support  of  soldiers  with  acute  battle  injuries 
and/or  post  surgical  stress. 

24  (11)  In  vivo  and  in  vitro  physiologic  tochnique.a  have  been  employed.  Five  anesthetic 
agents  were  tested.  Three  different  radioactively  tagged  miorospheres  were  used  to 
meas’ire  the  distribution  of  blood  flow. 

25  (h)  77  10  -  78  09  A  thermal  diffusion  probe  has  been  developed  which  can  be  used  to 
monitor  perfusion  in  small  volumes  of  skeletal  muscle,  liy  using  multiple  probes, 
regional  variation  in  a  single  muscle  bed  can  be  monitored  continuously.  The  presence 
of  thermally  significant  (large)  vessels  can  be  detected  and  corrected  for.  Pyridoxine 
and  I'yridoxal  phosphate  have  been  found  t.o  inidbit  sickling  with  a  concomitant  left 
shift  of  the  oxygen-hemoglcbi ii  Ussociat.ioii  curve.  After  specific  akin  wound  produc¬ 
tion,  blood  flow  reacheri  maximal  levels  al'tor  one  week,  suggesting  that  this  is  the 
preferred  time  for  del.aying  surgical  skin  flaps  for  covering  wound  defects.  Cardio- 
augmenlation  was  elicited  by  electrical  stimulation  of  the  thoracolumbar  spinal  cords 
and  sliowed  strung  riglit  sided  [irepondemnce . 


For  technical  report  see  Walter  heed  Army  Institute  of  Research  Annual  Progress  Report, 
1  Oct  77  -  30  Cept  78. 
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MAJ  William  Reynolds,  MC 

I.  Regional  Hemodynamics  of  a  Pedicle  Flap 

A.  Background  and  Statement  of  the  Problem.  Arterial  blood 
flow  to  skin  flaps  has  not  been  serially,  quantitatively  measured. 
Experiments  were  performed  in  the  dog.  Blood  flow  was  measured  in 
each  animal  at  three  times.  Both  total  flow  and  the  distribution 
Cif  flow  were  studied. 

B.  Experimental  Approach.  Using  radloactively  tagged 
microspheres  under  controlled  conditions,  blood  flow  was 
determined  in  island  pedicle  skin  flaps  prior  to  any  surgical 
manipulation,  30  minutes  after  completion  of  raising  the  skin  flap 
and  90  minutes  after  flap  completion. 

C.  Resi.lts  and  Discussion.  Blood  flow  uniformly  Increased  in 
each  skin  flap  studied  (p<0.05).  This  increase  persisted  90 
minutes  postoperative ly.  Blood  flow  was  uniform  along  the  length 
of  the  flap;  however,  blood  flow  decreased  with  increasing 
distance  from  the  midline. 

These  studies  document  the  ability  of  microspliere  injection  to 
reproducibly  measure  cutaneous  blood  flow.  In  addition,  the 
complexity  of  blood  flow  in  a  viable  flap  has  been  demonstrated. 

I I .  Regional  Hemodynamics  i  it_  _Dt!  1  ayed  Skin  Flaps. 

A.  Background  and  Statement  of  Problem.  The  physiologic 
alternations  occiiring  witli  a  surgical  delay  in  skin  flaps  have  not 
been  quantitated.  Using  a  pig  model,  flaps  wore  designed  and 
blood  flow  to  the  skin  flaps  was  determined. 

B.  Experimenta  1  Approach .  Temperature,  blood  gases,  cardiac 
output  were  measured  Blood  flow  was  then  measured  using  15 
micron  radloactively  tagged  microspheres  at  three  times;  prior  to 
any  surgical  manipulation,  after  increasing  periods  of  delay 

(2  days  to  14  days),  and  24  lu  urs  after  fin.al  r.ilslng  of  the 
skin  flaps. 
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C.  Results  and  Discussion.  Blood  flow  in  the  delayed  skin 
flaps  increased  with  increasing  delay  Intervals,  reaching  maximal 
levels  after  one  week,  p^0.05.  This  increase  paralleled  an 
increase  in  surviving  flap  length. 

These  studies  quantitate  one  important  physiologic  aspect  of 
the  delay  phenomenon:  an  Increase  in  nutrient  capillary  flow 
during  the  delay  period. 

III.  Coverage  of  Exposed  Vascular  Conduits 

A.  Background  and  Statement  of  the  Problem.  Exposed 
vascular  bypass  grafts  subject  the  surgical  patient  to  infection  and 
life  threatening  hemorrhage.  Infected  grafts  must  be  replaced. 
However,  on  occasion,  exposed  grafts  can  be  covered  by  local 
surgical  techniques. 

B.  Experimental  Approach.  The  records  of  patients  with 
exposed  vascular  grafts  In  the  Vascular  Clinic  at  WRAMC  were 
located.  Their  treatment  was  reviewed. 

C.  Results  and  Discussion.  Two  patients  were  successfully 
treated  with  local  surgical  techniques.  In  one  patient,  an 
exposed  saphenous  vein  bypass  graft  was  covered  with  a  split 
thickness  skin  graft;  in  another  patient,  an  exposed  axillo- 
femoral  bypass  graft  was  covered  by  a  rotational  flap. 

These  procedures  have  broadened  the  surgical  armamentarium 
available  to  surgeons  treating  these  difficult  patients. 

IV.  Vascular  Access:  Additional  Therapeutic  Utilization. 

A.  Background  and  Statement  of  the  Problem.  Vascular  access 
procedures  iiave  been  performed  to  allow  renal  dialysis  in  renal 
failure  patients.  Such  procedures  can  also  be  useful  in  patients 
requiring  multiple  transfusions,  chemotherapy,  and  treatment  of 
diabetic  ketoacidosis. 

B.  Experimental  Approach.  Records  were  reviewed  in  the 
Vascular  Clinic  in  WRAMC  of  patients  who  had  undergone  vascular 
access  procedures  for  non-dialysis  purposes. 

C.  Results  and  Discussion.  Thirteen  patients  underwent 
these  procedures  and  successfully  obtained  medical  therapy  via 
these  access  procedures. 


This  study  emphasizes  the  utility  of  vascular  access  in  many 
medical  diseases„  In  addition,  the  variety  of  surgical  technical 
options  is  presented. 

V.  A  Microprocessor  Based  Thermal  Diffusion  Probe  for  Blood 
Flow  Measurements „ 


A.  Background  and  Statement  of  the  Problem.  Attempts  at 
measuring  tissue  perfusion  with  the  aid  of  thermal  devises  has  met 
with  limited  success  in  the  past.  Over  the  past  four  years, 
experiments  have  been  performed  in  our  laboratory  in  an  effort 

to  develop  a  thermistor  probe  to  measure  tissue  perfusion. 

These  experiments  have  been  carried  out  in  collaboration  with 
engineers  at  MIT  and  Northeastern  University  with  the  aim  of 
modifying  the  technique  for  direct  measure  of  tissue  blood  flow. 

B.  Experimental  Approach.  The  purpose  of  these  experiments 
was  to  evaluate  instrument  and  probe  function  in  the  continuous 
mode.  Multiple  probes  were  inserted  into  an  Isolated  gracilis 
muscle  preparation.  Muscle  flow  was  varied  and  flow  was 
computed  simultaneously  and  continuously. 

C.  Results  and  Discussion.  The  local  fluctuation  in 
gracilis  flow  determined  during  continuous  mode  operation  were  of 
the  same  magnitude  as  the  scatter  observed  when  flows  measured 

by  transient  mode  operation  and  collected  venous  return  were 
compared.  Further  experimentation  will  be  required  to  determine 
how  much  of  this  scatter  is  experimental  error,  and  how  much 
represents  normal  physiologic  behavior. 

V 1 .  Studies  of  Airway  Clos ure  During  General  Ancstliesla. 

A.  Background  and  Statement  of  the  Problem.  Recent  studies 
have  indicated  that  reduction  in  functional  residual  capacity 
(FRC)  with  resultant  airway  closure  is  a  major  factor  in  the 
development  of  hypoxemia  during  general  anesthesia.  Specifically, 
the  relationship  between  FRC  and  the  closing  capacity  (CC)  is 
believed  to  underlie  the  increase  in  venous  admixture  seen  in 
anesthetized  patients.  Since  various  anesthetic  agents  are 
known  to  affect  the  tone  and  stability  of  the  airways,  this 
implies  that  the  FRC-CC  relationship,  and  consequently  the 
magnitude  of  venous  admixture,  may  vary  among  anesthetic  agents 
and  techniques. 

B  Experimental  Approach  Adult  baboons  were  used. 

Anesthesia  was  inducc'd  with  a  deep  intramuscular  injection 
of  methohexital  in  a  dose  of  6mg/kg.  Animals  were  then 
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paralyzed  with  succinyl  choline,  Intubated,  and  ventilated 
until  return  of  spontaneous  ventilation.  Animals  were  then 
connected  to  an  anesthesia  circuit  and  general  anesthesia 
maintained  with  one  of  the  following  agents:  (a)  Halothane; 
(b)  Enflurane;  (c)  Fluroxene;  (d)  Ketamine;  or  (e) 
Fentanyl.  The  FRC  was  calculated  from  helium  dilution  data  and 
the  CC  was  measured  using  a  variation  of  the  foreign  gas  bolus 
method. 


C.  Results  and  Discussion.  All  of  the  anesthetic  agents 
used  caused  a  reduction  in  FRC  and  resulted  in  some  degree  of 
airway  closure.  The  reduction  in  FRC  could  however  be  reversed 
by  positive  end  expiratory  pressure. 

D.  Conclusions  and  Recommendations.  Having  developed  and 
validated  the  technique  for  measuring  airway  closure  with 
different  anesthetics,  studies  need  to  be  carried  out  under  the 
following  conditions:  (1)  Mechanical  versus  spontanecus 
ventilation;  (2)  Different  postures  (prone,  sitting,  and 
lateral  decubitus);  and  (3)  After  administration  of 
aersolized  histamine  in  the  inspired  gas  mixture  (both  with 
and  without  antihistamine  pre-medication). 
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Work  Unit  145  The  Effects  of  Specific  Environmental 

Pollutants  on  the  Biosynthetic  Functions 
of  Mammalian  Cells  In  Vitro;  A  search  for  Structure/ 
Activity  Relationships 

Investigators 
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Goldstein,  MD  (Associate  Professor  of  Medicine,  George 
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istry,  University  of  Massachusetts,  Amherst,  Massa¬ 
chusetts);  Peter  Parsons,  Ph.D.  (Associate  Professor  of 
Biochemistry,  (Mount  Holyoke  College,  Massachusetts). 

Description ; 

The  basic  goal  of  this  research  project  is  to 
determine  whether  relative  ^  vitro  toxicities  of  a 
group  of  compounds  arising  from  breakdown  of  a  partic¬ 
ular  pollutant  can  be  predicted  by  (a)  examining  the 
relative  in  vitro  toxicities  of  a  small  number  of  such 
derivative^compounds  with  different  structural  char¬ 
acteristics,  and  (b)  using  structure-activity  rela¬ 
tionships  to  predict  which  others  will  be  most  toxic  in 
the  ^  vitro  system.  The  specific  test  systems  we  are 
using  are  heme  synthesis  by  rat  liver  homogenates  and 
rabbit  reticulocyte  lysates,  globin  synthesis  by  a  cell- 
free  rabbit  reticulocyte  lysate  system,  and  erythroid 
cell  proliferation  in  a  plasma  clot  culture  system. 

The  first  year's  work  on  this  proposal  concentrated 
on  three  areas:  (a)  establishing  and  characterizing  the 
three  principal  test  systems;  (b)  obtaining  toxicity 
data  for  a  limited  number  of  compounds  using  all  three 
test  systems, and  examining  the  relationships  between 
data  obtained  for  a  given  compound  by  each  system;  and 
(c)  utilizing  one  of  the  systems,  with  which  it  is 
easier  to  perform  a  large  number  of  dose-toxicity 


studies,  to  screen  a  large  number  of  nitrotoluenes  and 
their  analogues  in  order  to  determine  which  group  of 
compounds  may  show  significant  structure/activity 
relationships.  Progress  in  each  of  these  three  efforts 
is  discussed  below. 

Progress ; 


A.  Establishment  and  characterization  of  the 
three  principal  test  systems 

1 .  Heme  synthesis 

In  this  area,  we  have  focused  our  attention  for 
the  past  year  on  ALA  synthetase  and  heme  synthetase  in 
rat  liver  homogenates.  ALA  synthetase  was  measured  by 
a  minor  modification  of  the  method  of  Ebert  ejt  ^  (1), 
Heme  synthetase  was  measured  by  a  modification  of  the 
method  of  Bonkowsky  ^  ^  (21  In  this  case  the  modifi¬ 
cation  was  a  major  one;  we  used  mesoporphyrin  IX, 
rather  than  protoporphyrin  IX.  Because  mesoporphyrin 
IX  is  much  easier  to  solubilize,  we  were  able  to  use 
much  higher  porphyrin  concentrations  than  Bonkowsky  e^ 
al  had  been  able  to  achieve  with  protoporphyrin  IX,  and 
w-^  were  able  to  get  much  higher  enzyme  activity.  Our 
description  of  this  modification  is  currently  being 
prepared  for  publication.  Control  values  for  liver 
ALAS  were  1-3  nmol/g  protein/0.5  hr  and  for  HS  they 
were  16-27  u  mol/g  protein/hr.  Each  assay  was  charac¬ 
terized  with  regard  to  a  number  of  variables:  (a) 
linearity  over  time,  (b)  relation  of  activity  to  protein 
concentration  in  the  homogenate,  (c)  reproducibility  of 
the  assay  performed  the  same  day  on  multiple  aliquots 
of  homogenate  from  the  same  liver,  (d)  stability  of  the 
enzyme  when  frozen  as  freshly  prepared  homogenate  at  - 
70°C  and  stored  for  several  weeks,  and  (e)  comparison 
of  activity  in  homogenates  from  different  animals.  In 
addition,  since  our  assay  for  heme  synthetase  involves 
a  substantial  modification  of  previously  reported  pro¬ 
cedures,  we  have  performed  kinetic  studies  of  this 
enzyme  as  well. 

Linearity  of  ALA  synthetase  with  respect  to  time 
is  shown  in  Figure  1.  The  assay  is  linear  for  the 
first  30  minutes,  and  then  begins  to  taper  off;  the 
decrease  in  ALA  formed  vs,  time  becomes  marked  beyond 
45  minutes  of  incubation.  Linearity  of  heme  synthetase 
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activity  with  respect  to  time  is  shown  in  Figure  2. 

This  assay  is  linear  for  the  first  45  minutes,  and  then 
appears  to  become  slightly  faster.  (The  slightly  lower 
than  expected  value  at  60  minutes  appears  to  be  an 
artifact) . 

The  relation  of  ALA  synthetase  activity  and  heme 
synthetase  activity  to  homogenate  protein  concentration 
are  shown  in  Figures  3  and  4  respectively.  At  non¬ 
limiting  concentrations  of  alpha-ketoglutarate ,  the  rate 
of  the  ALA  synthetase  reaction  increases  in  a  roughly 
linear  manner  with  increase  in  protein  concentration 
(Figure  3) .  Similarly,  at  non-limiting  concentrations 
of  ferrous  iron  and  of  mesoporphyrin,  the  rate  of  the 
heme  synthetase  reaction  increases  in  a  linear  manner 
with  increase  in  protein  concentration  up  to  15.36  mg/ml 
(figure  4) . 

Within  day  reproducibility  of  ALA  synthetase  and 
heme  synthetase  determinations  are  shown  in  Tables  I  and 
II.  The  first  column  of  Table  I  (Day  0)  shows  results 
of  ten  ALA  synthetase  assays  performed  the  same  day  on 
aliquots  of  pooled  rat  liver  homogenates.  Table  II 
shows  results  of  three  to  eight  heme  synthetase  assays 
performed  on  each  of  seven  individual  liver  homogenates. 
In  the  case  of  both  the  pooled  homogenate  (Table  I,  Day 
0)  and  the  individual  liver  homogenates  (Table  II, 
Homogenate  1;  Table  II,  Homogenate  2;  etc),  there  was  a 
high  degree  of  within  day  reproducibility  of  assays  on 
the  same  sample. 

Stability  of  ALA  synthetase  and  heme  synthetase, 
when  frozen  at  -70°C  as  freshly  prepared  homogenates  and 
stored  for  up  to  several  weeks,  are  shown  in  Tables  I 
and  III,  respectively. 

Significant  variations  in  heme  synthetase  activity 
in  homogenates  prepared  from  different  rat  livers  are 
demonstrated  in  Table  II.  Preliminary  studies  with  ALA 
synthetase  indicates  that  the  same  is  true  for  that 
enzyme.  It  can  be  seen  that  variation  from  animal  to 
animal  is  significant,  and  is  certainly  greater  than 
that  from  day  to  day  with  frozen  pooled  homogenates. 

Kinetic  studies  performed  on  heme  synthetase  are 
shown  in  Figures  5  and  6  and  in  Table  IV.  In  Figure  5, 
the  concentration  of  iron  is  varied,  with  the 


concentration  of  mesoporphyrin  remaining  constant  at 
1000  nanomoles  per  reaction  aliquot.  Within  the  con¬ 
centration  range  of  iron  tested,  the  enzyme  activity 
increased  in  a  nearly  linear  fashion  with  increased  iron 
concentration.  (There  is  a  slight  tapering  at  the 
highest  iron  concentration) .  In  Figure  6,  the  concentra¬ 
tion  of  mesoporphyrin  is  varied,  with  the  concentration 
of  iron  remaining  constant  at  500  nanomoles  per  reaction 
aliquot.  When  activity  (ordinate)  is  plotted  against 
mesoporphyrin  concentration  (abscissa) ,  the  resulting 
curve  is  hyperbolic,  but  does  not  plateau  even  at  2650 
nanomoles  of  mesoporphyrin,  suggesting  that  the  satu¬ 
ration  level  for  mesoporphyrin  may  be  even  higher  than 
2650  nanomoles  per  aliquot  of  reaction  mixture.  In 
Table  IV,  a  preliminary  experiment  showing  the  effect  of 
added  heme  on  heme  synthetase  activity  is  demonstrated. 
Although  the  results  are  not  entirely  clear-cut  from 
this  initial  experiment,  the  general  pattern  seems  to  be 
one  of  enzyme  inhibition  at  heme  levels  of  20  or  more 
nanomoles  per  aliquot  of  reaction  mixture. 

2 .  Globin  synthesis 

Reticulocytes  were  obtained  from  New  Zealand  white 
rabbits  after  induction  of  reticulocy tosis  by  phenylhy- 
drazine  injection,  essentially  as  described  by  Crystal 
et  al .  (3).  Rabbits  were  bled  by  cardiac  puncture  and 

the  reticulocyte-enriched  (75-90%)  red  blood  cells 
collected  by  differential  centrifugation  and  freed  of 
plasma  by  washing  in  buffer.  Membrane-free  ^ysates 
prepared  by  this  method  can  be  stored  at  -85  C  for  at 
least  one  year  with  no  significant  loss  in  ability  to 
synthetize  globin. 

Globin  synthesis  was  determined  by  measuring  the 
incorporation  of  ^ll-leucine  into  acid-insoluble  protein. 
The  procedures  used  were  those  described  by  Woodard  et 
al.  (4). 


Although  one  need  only  add  a  radiolabeled  amino 
acid  to  monitor  the  endogenous  protein  biosynthetic 
activity,  the  rate  and  extent  of  translation  can  be 
increased  significantly  by  the  addition  of:  (1)  hemin, 
which  bloc)cs  the  formation  of  a  translational  inhibitor, 
and  (2)  an  energy  (ATP)  generating  system  -  in  our  case 
creatine  kinase/rreatine'  phsophate.  The  effects  of 
adding  other  components  required  for  translation  i.e.. 


amino  acids,  ATP,  GTP,  etc.,  were  tested  but  no  addit¬ 
ional  increase  in  activity  was  observed. 

^  Figure  7  shows  a  time  course  for  the  incorporation 
of  "^H-leucine  into  globin  protein  using  the  supplemented 
lysate  system  from  rabbit  reticulocytes.  Under  the 
conditions  of  our  assay  the  rate  of  amino  acid  incor¬ 
poration  is  linear  for  about  40  minutes  after  which  time 
there  is  a  decrease  in  activity.  While  it  is  clear  that 
the  activity  continues  for  at  least  an  hour  we  have  not 
measured  incorporational  activity  beyond  that  time. 
Similar  results  have  been  obtained  with  four  other 
preparations,  although  the  relative  activities  vary  from 
50-120%  of  that  shown  (see  Table  V) . 

In  a  typical  control  assay,  from  2-15  pico  moles  of 
leucine  have  been  incorporated  after  60  minutes  of 
incubation.  This  level  of  activity  is  in  good  agreement 
with  that  reported  by  a  number  of  other  workers  in  the 
field.  With  regard  to  precision,  analysis  of  quadru¬ 
plicate  data  points  from  21  independent  assays  performed 
with  five  independent  preparations  of  lysate  show  the 
variance  due  to  experimental  error  to  be  less  than  +  7- 
8%.  When  evaluating  the  effects  of  solvents  and  poT- 
lutants,  incorporation  measurements  were  made  in  dupli¬ 
cate  at  both  40  and  60  minutes;  control  reactions  (no 
agent)  were  always  carried  out  in  parallel  and  the 
activity  of  the  lysate  containing  the  test  substance 
compared  directly  to  the  control  activity. 

3 .  Erythroid  cell  proliferation 

A  CFU-E  culture  system  was  established  and  stand¬ 
ardized  for  dog  bone  marrow  aspirates.  In  essence, 
nucleated  cells  are  isolated  from  the  aspirated  marrow 
by  centrifugation  in  Ficoll-hypaque ,  placed  in  a  defined 
culture  medium,  and  incubated  in  microtiter  wells  for  48 
hours  at  39°C  in  a  humidified  incubator  with  a  4%  carbon 
dioxide  level.  Following  incubation,  the  plasma  clots 
are  placed  on  glass  slides  and  stained.  Erythroid 
colonies  are  then  counted  using  the  microscope;  these 
colonies  are  defined  as  groups  of  eight  or  more  hemo¬ 
globin  staining  cells. 

To  date  the  major  activity  in  the  laboratory  has 
been  to  standardize  this  CFU-E  assay.  The  first  several 
months  were  devoted  to  obtaining  appropriate  culture 
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material  in  sufficient  quantity  to  use  for  the  experi¬ 
ments.  Fifteen  batches  of  bovine  serum  albumin  were 
screened.  One  was  found  to  have  excellent  activity  in 
promoting  CFU-E  in  dogs  and  has  been  purchased  in  quan¬ 
tity.  Twenty- three  different  lots  of  fetal  calf  serum 
were  screened.  Two  were  found  appropriate  for  the  assay. 
Only  one  of  these  was  commercially  available  in  a  reason¬ 
able  amount  and  was  obtained  by  our  laboratory.  These 
have  been  the  two  major  variables  in  setting  up  the 
assay.  The  other  necessary  supplies,  such  as  erythro¬ 
poietin,  bovine  citrated  plasma,  etc. ,  are  obtained  and 
have  been  working  well. 

As  soon  as  the  supply  of  appropriate  culture 
materials  was  obLaineci,  work  began  on  standardizing  the 
CFU-E  assay.  Variation  in  efficiency  of  culture  tech¬ 
niques  was  a  significant  problem  initially,  and  still 
presents  problems  occasionally.  The  major  reasons  for 
this  are:  (1)  The  cell  separation  technique  of  dog  bone 
marrow  in  which  nononuclear  cells  are  separated  from 
whole  bone  marrow  by  Ficoll-hypaque  sedimentation  has  not 
yielded  pure  mononuclear  cell  populations.  It  has  been 
both  our  experience  and  the  experience  of  other  investi¬ 
gators  that  this  is  uniformly  difficult  to  accomplish 
due  to  size  and  shape  similarities  between  mononuclear 
and  non-mononuclear  marrow  precursor  cells.  We  have, 
therefore,  attempted  to  simply  use  the  Ficoll-hypaque 
sedimentation  to  eliminate  all  mature  red  ceils  obtained 
from  bone  marrow  aspiration  and  not  to  attempt  at  the 
present  time  to  further  purify  bone  marrow  precursor 
cells.  (2)  The  amount  of  nutrients  available  to  the 
marrow  precursor  cells  varies.  We  are  attempting  to 
diminish  our  coll  inoculum  for  culture  to  better  allow 
sufficient  nutrients  for  cell  maturation  and  develop¬ 
ment,  and  are  proceeding  with  the  addition  of  supplemental 
nutrients  to  our  culture  material  to  increase  efficiency. 

The  relationship  between  number  of  cells^in  initial 
inoculum  and  number  of  colonies  formed  per  10  cells  is 
shown  in  Figure  8.  Erythropoietin  dose  response  for  the 
culture  system  is  shown  in  Figure  9. 

B .  Comparative  toxicity  data  on  a  limited  njmber 
of  compounds  using  all  three  test  systems 

1 .  Examination  of  vehicles  for  delivery  of 
the  benzene  and  toluene  derivatives 


Because  methanol  is  routinely  used  for  solubilizing 
the  porphyrin  in  the  heme  synthetase  reaction,  and 
Tween-20  is  used  in  preparing  our  homogenates  for  both 
the  ALA  synthetase  and  heme  synthetase  reactions,  a 
systematic  survey  of  vehicles  was  not  undertaken  for  the 
heme  synthesis  enzymes. 

The  effects  of  six  non-aromatic  solvents,  one 
detergent,  and  two  mixtures  of  solvent  and  detergent 
were  tested  in  the  cell-free  glcbin  translation  system. 

The  solvents  analyzed  included;  methanol,  ethanol, 
ethylene  glycol,  diethyl  ether,  acetone  and  dioxane;  the 
detergent  was  Tween-20  and  the  mixes  of  detergent  and 
solvent  were  Tween-20  plus  methanol  or  dioxane.  The 
results  of  these  assays  are  shown  as  dose-response 
curves  in  Figures  10  and  11  and  in  tabular  form  in  order 
of  decreasing  potency  in  Tables  VI  and  VII. 

Not  surprisingly,  the  solvents  (and  detergent) 
tested  varied  greatly  in  their  effects  on  translation. 

In  order  of  deceasing  potency,  the  relative  toxicities 
of  the  simple  solvents  at  2%  concentration  were;  meth¬ 
anol,  acetone,  dioxane,  ethanol,  Tween-20,  ethylene 
glycol,  and  ether.  At  4%  concentration  of  solvent,  the 
relative  toxicities  were  similar  except  that  ether  was 
more  toxic  than  Tween-20.  (Ethanol  was  not  done  at 
this  concentration) .  Dose  response  studies  on  methanol, 
acetone,  ethanol,  ethylene  glycol,  and  ether  show  in¬ 
creased  inhibition  at  higher  solvent  concentrations.  In 
three  of  the  cases  (methanol,  ethanol,  and  ether),  ther.e 
was  little  inhibition  until  the  solvent  reached  a 
specific  concentration.  The  detergent,  Tween-20,  had 
essentially  no  effect  on  protein  synthesis  over  the 
range  of  0-2%,  and  only  moderate  inhibitory  effect  at 
4%;  the  presence  of  Tween-20  neutralized  somewhat  the 
inhibitory  effects  of  methanol  and  dioxane. 

A  comparable,  but  considerably  less  extensive 
survey  was  done  of  vehicles  in  the  erythroid  culture 
system.  It  became  apparent  that  control  cultures  in¬ 
cubated  with  ethanol  did  better  than  our  control  cultures 
incubated  without  ethanol.  This  did  not  appear  to  be 
due  to  changes  in  pll  but  seemed  to  be  related  to  increased 
nutrient  availability. 


t 


J 
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Based  on  the  above  results,  1%  ethyl  alcohol  was 
selected  for  use  as  a  solvent  to  introduce  the  benzene 
and  toluene  derivatives  into  the  translation  and  erythro- 
ii  culture  systems.  In  an  effort  to  make  the  three 
systems  as  comparable  as  possible,  the  effect  of  1% 
ethyl  alcohol  on  ALA  synthetase  and  heme  synthetase  will 
be  tested,  and  ethanol  will  be  used  as  the  vehicle  in 
this  system  as  well,  if  feasible. 

2 .  Purity  of  benzene  and  toluene 
derivatives  used  in  toxicity  studies 

The  aromatic  compounds  studied  came  primarily  from 
commercial  sources,  principally  Aldrich  Chemical  Company. 
Some  compounds  unavailable  from  commercial  sources  were 
obtained  from  the  Division  of  Experimental  Therapeutics 
at  WRAIR.  We  tested  for  impurities  by  subjecting  each 
compound  to  thin-layer  chromatography  using  two  different 
solvent  systems; benzene-ethyl  acetate  1:4,  and  acetonitrile. 
Each  compound  tested  showed  only  a  single  spot  on 
migration  on  pre-coated  silica  gel  plates  (E.M.  Labora¬ 
tories,  500  Executive  Blvd.,  Elmsford,  NY  10523). 

3 .  Effect  of  benzene  on  heme  synthesis 
and  globin  synthesis 

•*6  —  3 

In  the  concentration  range  10  to  10  ,  benzene 

had  little  effect  on  either  ALA  synthetase  or  heme 
synthetase  (Table  XI). 

Figure  12  and  Table  VII  show  the  dose-response 
results  obtained  thus  far  for  benzene  in  the  globin 
translation  system.  Because  of  the  low  solubility  of 
benzene  in  water  (8.9  x  10  ^M)  assays  were  per|orme^  for 
benzene  alone  over  the  concentration  range  10  ^ 

and  benzene  in  4%  diethyl  ether  over  the  range  10  -10 

(Ether  at  the  4%  level  inhibits  activity  by  about 
20%  -Figure  10.)  The  results  show  that  benzene  has  no 
deleterious  effect  on  protein  synthesis  in  the  cell-free 
system  used  here  and  indeed,  appears  to  stimulate  amino 
acid  incorporation  at  all  concentrations  tested. 

4 .  Effect  of  the  dinitrobenzenes  on  heme 
synthesis  and  globin  synthesis 

Figure  13  shows  a  comparison  of  the  activities  of 


the  dinitrobenzenes  on  ALAS  and  HS  activities.  On^  may 
note  that  in  concentration  ranges  greater  than  10 
mol/1,  as  HS  activity  increases  ALAS  activity  decreases. 

Figure  14  and  Table  VIII  show  the  results  obtained 
when  the  three  isomers  of  dinitrobenzene  were  tested  on 
the  rabbit  cell-free  globin  synthesis  system.  All  three 
compounds  are  soluble  in  water  at  the  concentrations 
tested.  Inspection  of  the  results  show  that  1,3-DNBghas 
essentially  no  effect  over  the  range  tested  (6  X  10 
6  X  10  M) ,  whereas  1,4-DNB  and  1,2-DNB  inhibit  at  most 
concentrations . 


Effect  of  the  dinitrotoluenes  on  heme 
synthesis,  globin  synthesis,  and 


erythroid  cell  proliferation 


Figure  15  gives  the  comparison  of  the  dinitrotoluenes 
effect  on  ALA  synthetase  and  heme  synthetase.  At  con¬ 
centrations  similar  to  the  dinitrobenzenes,  the  effect 
is  not  as  great,  which  suggests  that  there  may  be  some 
interaction  between  the  methyl  and  nitro  groups  that 
offset  the  enhancing-inhibiting  effects.  A  similar 
trend  may  be  noted  with  trinitrotoluenes  and  amino- 
dinitrotoluenes  as  shown  in  Figure  16.  The  addition  of 
an  amino  group  to  the  aromatic  ring  appears  to  lessen 
the  decrease  in  ALAS  activity. 


When  five  of  the  six  possible  dinitrotoluene  (DNT) 
homologues  were  tested  (only  3,5-DNT  has  yet  to  be 
tested)  in  the  cell-free  globin  translation  system,  the 
dose-response  data  shown  in  Figure  17A  and  17B  and  Table 
IX  were  obtained. 


Testing  was  performed  over  the  concentration  range 
of  10  to  10~^.  All  of  the  DNT's  tested  inhibited 
translation  to  some  extent  although  to  varying  degrees 
and  at  different  concentrations.  Variation  of  inhibition 
with  concentration  of  DNT  did  not  seem  to  be  a  simple 
relationship.  For  many  of  the  compounds,  inhibition 
appeared  to  be  more  pronounced  at  their  highest  and/or 
lowest  concentrations.  For  example,  inhibition  of 
protein  synthesis  by  2,3-DNT  and  2 , 5-DNT  were  more 
pronounced  at  lower  concentrations  than  at  higher  ones. 
For  2,3-DNT.  relative  activity  of  globin  translation  was 
80%  for  10“^^M  vs  109%  for  10“®M,  94%  for  10  °M,  and  91% 
for  10~^M.  For  2, 5-DNT,  relative  activity  of 


690 


I 


—  12  —8 

globin  translation  was  70%  for_10  M  and  68%  for  10  M, 
vs  86%  for  10°M  and  92%  for  10  ^M.  For  other  compounds. 
Inhibition  of  protein  synthesis  was  more  pronounced  at 
higher  concentrations  than  at  lower  ones.  For  example^ 
relative  activity  of  globin  translation  was  70%  for_10 
M  2,6-J^T  and  67%  for  10~  m,  vs. 
and  10  concentrations  of  this  compound.  From  the 

data  in  Table  IX,  it  appears  that  the  order  of  inhibitory 
effectiveness  of  the  dinitrotoluenes  tested  is:  (1)  most 
inhibitory ;  2,6-DNT  (high  doses)  and  2,5-DNT  (low  doses); 
T21  intermediately  inhibitory;  3,4-DNT  and  2,3-DNT;  and 
(3)  least  inhibitor^  2 , 4-DNT. 

Preliminary  observations  of  the  effects  of  graded 
concentrations  of  2,6-DNT  and  of  3,4-DNT  on  erythroid 
colony  formation  are  shown  in  Figures  18  and  19,  re¬ 
spectively.  For  2,6-DNT,  inhibition  of  colony  formation 
was  present  at  each  concentration  tested  (figure  18) . 
Inhibition  increased  with  increasing  dose  of  the  2,6-DNT 
(21%  inhibition  at  10  "M;  34%  inhibition  at  10  m;  38% 
inhibition  at  10  ^M) .  For  3,4-D^T,  inhibition  of  colony 
formation  was  not  present  at  10^ 'm  or  10  °M;  however, 
there  was  33%  inhibition  at  10  ^M. 


6 .  Correlation  of  data  obtained  using  two 

or  three  of  the  test  systems  for  specific 
compounds 


Little  correlation  can  be  done  at  this  time  among 
systems  for  two  reasons:  (a)  The  erythroid  culture 
system  has  only  recently  been  standardized  and  charac¬ 
terized,  and  only  two  compounds  have  been  examined  with 
this  system  so  far.  (b)  Results  of  the  studies  of 
effects  of  the  various  compounds  on  protein  synthesis 
are  not  entirely  clear.  The  fact  that  both  high  and  low 
levels  of  the  benzene  and  toluene  derivatives  inhibit 
translation,  whereas  intermediate  levels  do  not,  must  be 
shown  to  be  a  real  phenomenon  and  not  an  artifact  produced 
by  a  non-optimized  system. 


Utilization  of  dose-toxicity  studies  of  a  large 
number  of  nitrotoluenes  and  their  analogues 
on  ALA  sy nthctase  and  heme  synthetase  to 
determine  which  groups  of  compounds  may  show 
significant  structure-activity  relationships 


Table  X  shows  preliminary  screening  studies  of 
benzene  and  toluene  derivatives.  Benzene,  toluene. 


nitrobenzene,  nitrotoluene  and  the  chlorotoluenes 
(o-,  m- ,  and  p-)  demonstrate  only  minimal  effects 
on  ALA  synthetase  and  heme  synthetase.  2-amino-4-nitro- 
toluene  and  l-chloro-2-nitrobenzene  show  slightly 
more  pronounced  alterations  in  enzyme  activity.  The 
dinitrotoluenes ,  trinitrotoluenes,  and  amino-dinitro- 
toluenes  produce^  for  the  most  part,  pronounced  decreases 
in  ALA  synthetase  activities  and  increases  in  HS 
activities,  with  the  degree  of  enzyme  alteration  varying 
with  the  particular  structure,  Hexachlorobenzene  appears 
to  increase  heme  synthetase  activity  without 
significantly  decreasing  ALA  synthetase  activity;  in 
fact,_^t  increases  ALA  synthetase  activity  at  a  concentration 
of  10  ■^M.  Aniline's  effect  on  ALA  synthetase  is  minimal; 
it  produces  a  moderate  increase  in  heme  synthetase  at 
high  doses. 

D.  Suminary  of  work  completed  so  far 
1 .  Experimental  results 

Three  test  systems  -  heme  synthesis  by  rat  liver 
homogenates  and  rabbit  reticulocyte  lysates,  globin 
synthesis  by  a  cell-free  rabbit  reticulocyte  lysate  system, 
and  erythroid  cell  proliferation  in  a  plasma  clot 
culture  system  have  been  established  and  standardized. 

For  the  enzyme  systems,  stj^dies  have  been  done  to 
show  the  stability,  at  -70°C,  of  the  enzymes. 

Vehicles  used  for  delivery  of  the  benzene  and 
toluene  derivatives  were  examined  for  their  effects  on 
the  globin  translation  and  erythroid  culture  systems. 

Based  on  the  results  obtained  in  this  study^  1%  ethyl 
alcohol  was  selected  for  use  as  a  solvent  to  introduce 
the  benzene  and  toluene  derivatives  into  these  two 
systems.  Because  methanol  is  routinely  used  for 
solubilizing  the  porphyrin  in  the  heme  synthetase 
reaction,  and  Tween-20  is  used  in  preparing  our  homo¬ 
genates  for  both  the  ALA  synthetase  and  heme  synthetase 
reactions,  a  systematic  survey  of  vehicles  was  not 
undertaken  for  the  heme  synthesis  enzymes. 

The  effects  of  benzene,  the  dinitrobenzenes,  the 
dinitrotoluenes,  and  the  tri-substituted  toluenes  on 
heme  synthesis  and  globin  synthesis  were  studied. 

Benzene  was  shown  to  have  little  deleterious  effect  on 


either  the  enzymes  of  heme  synthesis  or  globin  trans¬ 
lation.  Ortho-  and  para-  dinitrobenzene  were  shown  to 
affect  heme  and  globin  synthesis  more  than  meta-  dini¬ 
trobenzene.  Examination  of  the  effects  of  the  dini- 
trotoluenes  on  heme  synthesis  and  globin  translation 
revealed  that  (a)  alterations  of  enzyme  activity  do  not 
seem  to  be  related  solely  to  the  relative  positions  of 
the  two  nitro  groups  with  respect  to  each  other,  and  (b) 
in  some  cases,  one  enzyme  system  was  sensitive  to  a 
particular  compound  while  the  other  was  not. 

Dose-toxicity  studies  of  the  effect  of  23  benzene 
and  toluene  derivatives  on  ALA  synthetase  and  heme 
synthetase  were  examined.  The  most  pronounced  effects 
were  seen  with  the  dinitrobenzenes ,  the  dinitrotoluenes , 
the  trinitrotoluenes,  the  amino-dinitrotoluenes ,  and 
hexachlorobenzene .  Less  pronounced  effects  were  seen 
with  benzene,  toluene,  nitrobenzene,  nitrotoluene ,  the 
chlorotoluenes,  2-amino-4-nitrotoluene ,  and  l-chloro-2- 
nitrobenzene.  Table  XI. 

2 .  Problem  areas 

The  major  problem  area  at  the  present  time  is 
standardization  of  the  three  test  systems  so  that  results 
for  each  system  are  not  only  qualitatively  consistent, 
but  also  quantitatively  reproducible.  In  standardizing 
the  system,  particular  attention  will  have  to  be  paid  to 
the  globin  synthesis  studies,  in  order  to  determinej^2 
whether  inhibition  by  the  lowest  concentration  (10  ^M) 

of  toluene  derivatives  and  the  frequent  occurrence  of 
inhibition  at  both  high  and  low  (but  not  intermediate) 
concentrations  of  the  derivatives  is  real  or  artifactual. 

A  second  problem  area  is  that  the  toxicity  studies 
have  only  been  done  once  for  each  compound.  Several 
repeat  studies  will  have  to  be  performed  for  each  com¬ 
pound  . 


3 .  Usefulness  of  this  approach  to  in  vitro 
toxicity  testing 

It  is  too  early  to  determine  whether  the  approach 
we  are  using  will  be  of  practical  use  for  in  vitro 
toxicity  testing.  Hopefully,  we  will  be  aHTe~Eo~show 
that  the  three  systems  give  similar  data  on  relative 
toxicity  of  a  given  compound.  If  that  is  the  case,  then 


the  simplest  of  the  assays  will  have  predictive  value, 
and  can  be  used  as  a  preliminary  screen. 
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Oay-co*'iay  and  vlchin-day  variacion  of  ALA  synchacaae  accivlcy  on 
poolid  rat  Liver  homogenace-sonioatas .  Aliquots  of  pooled  homogenate 
were  frozen  at  -70°C  and  examined  at  days  Z,  3,  7,  and  20. 


St, 


Figure  6. 


Variacion  of  heme  synchecaee  accivlcy  wich  porphyrin  concencracion 


Table  17. 

Effect  of  Added  Heme  on  Heme  Synthetase  Activity 


nmol  of  Added  Heme  umol  of  Heme  formed/g/AS  min. 


0 

40.1 

4 

39.7 

3 

38.4 

20 

33.4 

40 

27.4 

80 

36.9 

160 

31.1 

200 

28.5 

'OS 
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Cail'Frea  Synchasis  ot  Protein  by  Piva  Diiierent  Preparations  of  Rabbit 
Raciculocycas 


Lysate 

1 

I 

3 


0 


H-Laueina  Incorporation  I’o  nolas  x  10^3 
2.3 
2.S 
15.0 
2.0 
2.7 


.Activity  Is  expressed  as  praols  'eucina  incorpcrated  into  protein  per  50  j1 
reaction  aixtuce  (20  pi  lysate)  after  ona  hour  Incuoation. 
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Erythropoietin  Oose  Response 


Erythropoietin  I.R.?.  J/inl 


(Erythropoietin) 
0.25  units/Til 
Q.jO 

i.:o 


No,  of  CO ipni es/ '.0^  ceils  ^initial  inocjiMiil 
205  (1  20)^ 
i25  (-  52) 

550  (*  iZ) 


^  .'al'je  •  “esn  (-  S.E.i'.  2  'tpi  cate  ijltures. 
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SolveuCtt  on  Cell-Fi'^e  Syntlieslb  of  Rabble  Clobln 


Table  VI 


Efface  of  Various  Solvanes  and  a  Oacarganc  on  Call-rrta  S/nchasls  of  ^bble 
Slobin:  Ralaelva  Aecivicy  of  Ineorporaclng  Syteam  as  a  Funecion  of  Solvanc/ 
Oacarganc  Concaaeraclons 

Saiacive  Acelvlcy  (  Z  ) 


Solvanc 

.2Z 

IS 

2S 

4S 

67 

lOS 

aachanol 

27 

30 

16 

. 

acacona 

- 

- 

54 

43 

31 

.  11 

dloxana 

- 

- 

63 

43 

- 

- 

dloxana  +  2Z  Tuaan-20 

- 

- 

75 

52 

- 

- 

achanol 

95 

96 

30 

- 

- 

- 

nachanol  2'  Tvaan-20 

- 

- 

93 

63 

- 

- 

achylana  gl/col 

- 

- 

92 

71 

iS 

23 

rwaan-20 

- 

- 

S3 

102 

- 

- 

achar 

112 

100 

102 

31 

_ 
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I«bl*  VII 


Efitcc  of  Sonzana  on  Call-Free  Ptocain  Synchesls  by  iUbblt  Raclculocyta  Lyeata 

Ralaciva  Acclvlcy  (  %  ) 

Cone,  of  3anzana  (M)  in  Diachyl  Echar  in  H^O 


1.78 

X 

o 

o 

135 

- 

7.12 

X 

io-^ 

123 

- 

1.78 

X 

10-^ 

116 

- 

7.12 

X 

10-' 

106 

- 

3.56 

X 

lO"' 

107 

- 

1.78 

X 

10-' 

105 

204 

1.78 

X 

10-^ 

106 

112 

1.78 

X 

10-^ 

130 

112 

'able  '/III 


Effect  oc  Three  Isomers  of  Olnicrobenrenc  (0N3)  on  Cell'crce 
Rabbit  Globln 


Relative  Activity 


Cone.  Dinitrobenzene  (M) 


1.2-DNB  1,3-DNa 


5.9 

X 

10-" 

98 

1.3 

X 

10-^ 

9L 

- 

9.4 

X 

lo"^ 

- 

- 

5.9 

X 

10-' 

- 

99 

4.  7 

X 

10-' 

* 

- 

1.3 

X 

10-' 

99 

9.4 

X 

10-« 

- 

- 

5.9 

X 

10-® 

- 

100 

1.3 

X 

10-^ 

as 

- 

9.4 

X 

10-' 

• 

- 

5.9 

X 

10-« 

* 

102 

1.3 

X 

10-« 

67 

- 

9.4 

X 

10-’ 

1  s 


Synthesis  of 

(  S  ) 

1,4-DNB 


75 

78 

95 

102 

52 
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Efface  of  Various  Dtnlcrocoluana  Isooars  op  ^  vitro  Procein  Synchasis  by 
Rabbit  Rdclculocyte  Lysacas 


.  of 

Olnlcrocolucn* 

2,3-Dirr 

Ralaciva 

2,3-D:rr 

Activity  {  Z  ) 

2,6-ONT  3.4-DNT 

2,4-o; 

I  X 

10~* 

91 

92 

70 

36 

- 

1 . 6 

X  lO"^ 

- 

- 

- 

- 

101 

i.  6 

X  10"° 

- 

- 

- 

- 

106 

1  X 

lQ-« 

94 

36 

67 

34 

- 

^ .  6 

X  10‘® 

- 

- 

- 

- 

110 

1  X 

L0-« 

109 

63 

33 

30 

- 

a. 6 

X  10'^° 

- 

- 

- 

- 

96 

•*.  6 

X  LO 

“ 

• 

* 

" 

1  X 

10-^' 

30 

70 

94 

92 

97 

vas  solubilicad  in  all  ocher 
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Figure  13 


4  Colonies/ 
10^  Calls 


Effect  of  Concentration  of  2,6  DNT  on  Colony  Number 


Concencration  of  2,5  jNT 


(2.5  DNT)  No.  of  Colonies/10^  cells  f initial  inoculuml 
0  550  (*  42)* 

l^O'®  M  433  (♦  13)  21*.  innibition 

lO’’  M  365  (*  15)  34t  inmbition 

13-4  ^  339  (.  39)  3a«  innioition 

*  Vdlie  •  -edn  5.5.;i.)  of  J  repl-cats  cultures 


Table  X 


CCMPABISOS  OF  TOXTCITT  STOTI-S 


Coaoouod 

96-hr.  I,C50 
(ac/llter) 
in  MiAnovs 

AUS_.^ 

fPereentaae  of 

HS 

Centre, 

Tolueo* 

12.6 

96 

92 

U-Kitrotoluene 

!*9.9 

Sit 

93 

2 ,3-Olnltrotolueae 

1.9 

55 

130 

2 , 1>-Olsitrot  oluene 

32.5 

92 

87 

2 ,  ^Dialtrat  oluene 

1.3 

lt3 

139 

2 , 6-Dlnitro«oluene 

19.3 

T7 

117 

3 .  ^Dlnltrotoluenc 

1.5 

56 

131 

2 ,  It ,  ^Trinitrotoluene 

2.>i 

86 

150 

3- Anlno-^-  iritrot  oluene 

T1.3 

39 

97 

it- nnlno-2  ,$-0inltrot  oluene 

6.9 

32 

137 

U_Aiiiino-3 , 5- Oinitrot  oluene 

13.1 

39 

152 

.70TS;  The  lower  the  1C50  nuaber  obtained  by  Ft.  Detriti,  the  nors 
the  shenge  in  the  percentage  of  control  we  obtained  for  nUiS 
(uaually^  decrease)  and  for  HS  (usually  an  increase). 

irasti; 
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Perc*ntigei  of  Control 


Concentration  of  Aromatic 

10-3  mol/1 

10-*  mol/1 

10"®  mol/1 

10*®  mol/1 

Ttst 

AUkS 

HS 

ALAS 

HS 

ALAS 

HS 

ALAS 

HS 

Aromatic 

Benzene 

95 

86 

104 

91 

107. 

._54 

107 

39 

Toluene 

96 

92 

104 

86 

93 

91 

100 

39 

Nitrobenzene 

86 

111 

108 

104 

no 

100 

31 

105 

>Oinitrobenzene 

43 

143 

34 

148 

104 

146 

105 

105 

m-Oinitrobenzene 

83 

149 

34 

118 

118 

119 

100 

104 

p-Oinitrobenzene 

41 

152 

50 

180 

31 

127 

93 

112 

4-Nitrotoluene 

34 

93 

95 

99 

96 

107 

96 

113 

2.3-Oinitro  toluene 

55 

130 

31 

103 

97 

35 

104 

99 

2.4-Oinitrotoluene 

92 

87 

100 

80 

102 

92 

99 

96 

2.S-0initrotoluene 

43 

139 

91 

102 

89 

32 

90 

66 

2,6-  0  initroto  luene 

77 

117 

37 

96 

100 

39 

97 

84 

3,4-Oinitro  toluene 

36 

131 

86 

119 

97 

87 

99 

94 

2.3,4.Trinitrotoluene 

26 

104 

69 

119 

101 

96 

99 

100 

2.4, 6-T  rinitro  toluene 

36 

150 

93 

136 

103 

117 

105 

119 

4.Amino- 

2, S-Oinitro  toluene 

32 

137 

37 

126 

93 

110 

89 

109 

4.Amino- 

3,6-Oinitrotoluene 

39 

152 

94 

140 

107 

1 13 

107 

105 

2-Amino- 

4.Nitrotoluene 

89 

37 

33 

1 1 1 

37 

113 

94 

103 

o-CMorotoluene 

37 

101 

98 

113 

99 

108 

34 

111 

m-Chlorotoluene 

97 

10.7 

99 

110 

101 

104 

103 

104 

0-CMorotoluene 

97 

CD 

O 

100 

108 

102 

106 

103 

104 

1- Chloro- 

2- Nitrobenzene 

102 

115 

33 

113 

95 

109 

99 

no 

Hexacniorooenzene 

117 

133 

94 

131 

39 

116 

104 

113 

Aniline 

96 

108 

31 

121 

34 

104 

93 
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24.  (U)  Procedures  include  biochemical  and  physiologic  measurements  of  pulmonary 
function;  biochemical  methods  include  radioimmunoassay  of  prostaglandins  and  co¬ 
agulation  by-products,  measurement  of  coagulation  parameters  and  complement  activation 
changes  in  platelet  function  and  number,  and  determination  of  changes  in  lung  collagen 
content  and  structure  induced  by  blast  injury. 

25.  (U)  78  03  -  78  09.  An  animal  model  is  bein<)  developed  to  study  the  biochemistry 
and  physiology  of  acute  lung  injury.  Hemorrhagic  pulmonary  edema  wiM  he  created  in 
dogs  by  intravenous  injection  of  oleic  acid.  Decrements  in  pulmonary  function  will 

be  assessed  using  a  multiple  gas  rebreathing  technique.  An  animal  model  for  assessing 
inner  ear  damage  (hair  cell  loss)  induced  by  impulse  noise  is  also  under  development. 

For  technical  report  see  Walter  Reed  Anny  Institute  of  Research  Annual  Progress 
Report,  1  Oct  77  -  30  Sep  78. 
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Work  Unit  001  Medical  Effects  of  Blast  Overpressure:  Basic  Studies 
Investigators 

Principal:  MAJ  Gary  E.  Sander,  MC 

Associates:  CPT  James  J.  Jaeger,  MSC;  Dr.  Marvin  Stein,  Ph.D; 

CPT  Patrick  Lorenz,  MSC;  CPT  Pritam  Verma,  MSC 


Description 

Studies  are  directed  toward  definition  of  the  physiological  effects 
upon  the  human  of  blast  overpressure  generated  by  firing  Army 
weapons  systems.  Specific  areas  requiring  investigation  include: 
(1)  the  physical  characteristics  of  the  pressure  wave  responsible 
for  injury;  (2)  the  interaction  between  the  blast  wave  and  suscep¬ 
tible  organs;  (3)  the  threshold  for  injury  of  the  various  organ 
systems;  and  {^)  potential  means  of  prophylaxis  and  treatment  of 
blast  overpressure  injury.  In  order  to  study  the  effects  of  the 
blast  wave,  it  is  necessary  to  simulate  the  wave  utilizing  a 
blast  tube.  This  allows  manipulation  of  the  waveform  and  pre¬ 
cludes  dependence  upon  the  availability  of  a  weapon,  charges, 
range,  and  artillery  crew.  Adequate  detection  of  early  tissue 
injury  requires  a  basic  science  program  aimed  at  identification 
of  potential  marker  molecules  and/or  physiological  procedures 
sufficiently  sensitive  to  provide  quantitation  of  such  early 
tissue  disruption. 

Progress 

1.  Background  Information 

Blast  overpressure  induced  injury  occurs  primarily  in  air- 
containing  organs,  specifically  the  nasal  air  sinuses,  the  lung, 
and  the  gastrointestinal  tract.  Of  these,  lung  injury  (hemorr¬ 
hage  and  emphysema)  is  the  most  critical  in  that  significant 
morbidity  and  mortality  may  result.  Investigators  at  Lovelace 
Foundation  in  Albuquerque,  New  Mexico,  are  responsible  for  much 
of  the  existing  information  on  blast  injury  (1-4).  This  work 
was  largely  supported  by  the  Atomic  Energy  Commission  and  was 
directed  at  studying  the  effects  of  nuclear  blast.  In  an  attempt 
to  estimate  man's  tolerance  to  air  blast,  these  investigators 
exposed  a  number  of  species  of  animals  to  short  (A-duration, 
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204  msec)  and  long  (A-duration,  180-400  msec)  duration  air  blast 
of  progress! vely  increasing  peak  pressures  and  determined  percent 
mortality  at  each  pressure  level.  When  the  data  are  expressed 
on  a  plot  of  log  mortality  vs.  log  pressure,  each  species  falls 
along  a  straight  line,  and  the  straight  lines  themselves  separate 
into  two  groups  -  a  small  animal  group  (mouse,  rat,  guinea  pig, 
rabbit,  hamster)  and  a  large  animal  group  (dog,  sheep,  goat, 
cattle).  The  common  parameter  in  each  group  seems  to  be  a  nearly 
identical  value  for  the  normalized  lung  volume  and  the  lung 
density.  Since  human  lung  volume  and  lung  density  fall  in  the 
group  of  large  animals,  man  is  assigned  to  the  large  animal  group. 
If  these  data  are  then  plotted  as  log  LD50  (pressure  dose 
producing  50%  mortality)  vs.  log  body  mass  for  the  species,  a 
straight  line  results;  this  then  allows  an  estimation  of  mortality 
for  a  species  of  any  body  weight.  This  produces  only  a  general 
estimate,  since  an  exact  relationship  between  PSI  and  mortality 
does  not  exist.  As  an  example,  cattle,  the  heaviest  of  the  large 
animals,  was  also  the  most  susceptible  to  injury  of  the  large 
animal  group. 

Mortality  is  an  obvious  endpoint  -  the  animals  dying  shortly 
after  single  exposure  are  counted.  Determination  of  less  severe, 
non-fatal  injury  is  much  more  elusive,  and  requires  sacrifice  of 
the  animal  and  gross  examination  of  the  lungs  for  evidence  of 
hemorrhage.  The  "threshold"  of  injury,  or  the  earliest  detectable 
stage  of  injury,  is  defined  as  that  lowest  pressure  producing  lung 
hemorrhage.  The  extent  of  lung  hemorrhage  generally  parallels  the 
pressure  to  which  the  animal  is  exposed,  with  petechial  (pinpoint) 
hemorrhages  gradually  progressing  to  involve  entire  lung  lobes 
with  progressively  higher  exposure.  This  methodology  fs  crude  at 
best,  requiring  sacrifice  of  the  animal,  and  producing  only  a 
single  data  point.  Extrapolating  from  these  animal  data  to  man, 
the  anticipated  threshold  for  human  lung  injury  would  be  between 
30  and  40  PSI  (3). 

Three  characteristics  are  required  for  an  animal  species  to 
serve  as  a  model  for  human  injury.  The  species  must  be  readily 
available,  must  lack  animal  protection  groups,  and  must  reasonably 
reproduce  human  physiology.  Of  available  species,  the  sheep  best 
fulfills  these  criteria. 

Prof.  C.J.  Clemedson,  the  retired  Surgeon  General  of  Sweden, 
has  also  conducted  extensive  research  in  overpressure  induced 
injury  (5-8).  His  major  contributions  lie  in  the  demonstration 
that  frequency  content  of  the  pressure  wave  may  be  of  critical 
importance  in  determining  injury,  in  the  description  of  the 
physiologic  alterations  following  injury,  and  in  the  theoretical 
considerations  of  the  mechanism  of  injury. 
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A  small  body  of  anecdotal  data  is  available  on  human  exposure 
to  blast.  During  the  OTII  of  the  M198,  crewmen  were  exposed  to 
pressures  of  2. 9-3. 7  PSI;  two  nosebleeds  were  reported  but  the 
severity  of  these  was  not  recorded;  an  HEL  study  from  November  1962 
exposed  volunteers  to  pressures  up  to  8  PSI  to  test  the  effective¬ 
ness  of  an  ear  plug.  A  foam  rubber  chest  protector  was  required 
after  unprotected  troops  complained  of  chest  pain  (9).  The  HEL 
director  exposed  himself  to  7.5  PSI  for  ten  exposures  and  reported 
coughing  up  blood.  No  definitive  human  exposure  data  exists  on 
which  to  base  injury  estimates. 

2.  Requirements  of  the  Program 

The  requirements  are  fourfold;  (1)  accurate  simulation  of  the 
pressure  wave;  (2)  a  dose  response  curve  for  non-auditory  injury; 
(3)  a  risk  assessment  based  on  the  dose  response  curve;  and  (4) 
development  of  protective  devices  and  techniques.  A  simulated 
waveform  is  necessary  so  that  experimentation  may  be  done  without 
reliance  upon  weapon  and  charge  availability.  The  ultimate 
requirement  is  the  dose  response  curve,  where  the  dose  is  the 
pressure  wave  and  the  response  is  the  biological  injury  (or  absence 
of  injury).  This  will  in  turn  require  a  more  accurate  knowledge 
of  which  parameters  of  the  pressure  wave  are  important  (e.g.,  peak 
pressure,  frequency)  and  a  better  means  of  evaluating  biological 
injury.  Once  this  dose  response  curve  is  established,  then  a  risk 
assessment  may  be  made  for  specific  exposures  -  both  in  terms  of 
the  risk  of  a  particular  injury  and  the  potential  severity  of  that 
injury.  This  would  then  allow  the  line  officer  to  make  the  final 
decision  as  to  whether  a  particular  risk  is  warranted.  The  final 
requirement  is  that  ways  of  protecting  crewmen  be  devised  so  that 
any  risk  of  injury  may  be  further  reduced. 

3.  Review  of  the  Current  Status  of  the  Blast  Overpressure  Program 

a.  Blast  Wave  Simulation 

The  major  efforts  of  the  non-auditory  program  have  been 
directed  toward  simulating  the  M198  blast  wave  and  toward  initia¬ 
ting  a  basic  research  program  to  ellucide  more  effective  means  of 
detecting  early  lung  injury.  The  blast  wave  simulation  studies 
have  been  done  in  conjunction  with  the  Lovelace  Biomedical  and 
Environmental  Research  Institute  of  Albuquerque,  N.M. ,  utilizing 
the  blast  tube  facilities  located  there.  By  simultaneously 
detonating  two  primer  cord  charges  at  various  distances  on  line 
with  the  open  end  of  the  tube,  a  waveform  appearing  very  similar 
to  that  of  the  M198  with  regard  to  time  history  and  frequency 
content  could  be  achieved  for  peak  pressures  of  9.2  PSI  (190  dB), 
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5.2  PSI  (185  dB),  and  2.9  PSI  (180  dB).  After  these  simulations 
had  been  accomplished,  sheep  were  exposed  in  groups  of  10  to 
peak  pressures  of  190,  185,  and  180  for  25  blasts  occurring  20 
seconds  apart.  An  additional  10  sheep  were  exposed  to  a  single 
blast  at  185  dB.  All  animals  were  sacrificed  immediately  after 
exposure  and  examined  for  evidence  of  injury  to  the  lungs,  sinuses 
and  GI  tract.  Twenty-six  control  animals  -  animals  from  the  same 
population  but  not  exposed  to  blast  -  were  also  sacrificed. 
Hemorrhagic  injury  was  found  in  2/10  sheep  at  190  dB;  a  single 
emphysematous  bulla  was  found  in  one  animal  each  of  the  190/25, 
185/25,  and  185/1  groups.  No  such  hemorrhagic  or  emphysematous 
lesions  were  found  in  the  180/25  exposure  group  or  in  any  of  the 
twenty-six  control  animals.  Additionally,  one  focal  GI  tract 
hemorrhage  was  seen  in  the  190/25,  as  were  several  sinus  hemorr¬ 
hages  in  the  185/1,  185/25,  and  190/25  groups.  One  unexplained 
sinus  hemorrhage  was  detected  in  a  control  animal,  but  no  GI 
tract  lesions  were  detected.  It  is  very  important  to  remember 
that  this  sheep  exposure  study  was  performed  solely  as  a  prelimi¬ 
nary  exercise  to  allow  the  human  volunteer  study  for  validation 
of  hearing  protection  to  proceed.  It  must  be  emphasized  that  no 
animal  injury  was  anticipated  at  pressures  of  less  than  16-29  PSI 
and  the  findings  described  above  were  totally  unexpected.  The 
results  of  this  study  meant  that  the  human  study  could  not  proceed 
until  this  apparent  injury  was  better  defined  and  either  proved  or 
disproved.  THESE  RESULTS  HAD  NO  EFFECT  UPON  THE  SAFETY  RECOMMENDA 
TIONS  FOR  THE  FOE  -  THESE  RECOMMENDATIONS  STEMMED  ENTIRELY  FROM 
THE  MIL-STD. 

The  totally  unexpected  outcome  of  the  study  led  to  the  re- 
evaluation  of  the  accuracy  of  the  simulation  as  a  possible 
explanation.  Jaycor  physicists  were  tasked  with  a  detailed  analy¬ 
sis  of  both  real  and  simulated  waveforms  to  determine  if  artifact 
had  been  introduced  into  the  simulated  wave.  Early  indications 
from  this  ongoing  analysis  are  that  the  190  dB  simulated  wave 
contained  an  excessive  dynamic  pressure  component;  furthermore, 
the  technique  of  restraining  the  sheep  during  the  190  exposures 
may  have  contributed  to  the  hemorrhagic  injury  seen.  At  present, 
the  185  dB  exposures  seem  to  represent  a  reasonable  simulation, 
with  only  a  small  contribution  from  dynamic  pressure.  However, 
these  dynamic  pressure  considerations  have  pointed  out  the  failure 
of  previous  M198  testing  to  measure  both  static  and  dynamic  compo¬ 
nents  of  pressure,  and  thus  these  field  measurements  must  be  made 
before  a  final  decision  on  the  adequacy  of  the  simulation  can  be 
made. 

b.  Basic  Research  Program  in  the  Biochemistry  and  Physiology 
of  Acute  Lung  Injury 


A  suitable  group  of  investigators  have  been  assembled  at  WRAIR 
for  initiation  of  the  basic  research  program.  A  protocol  entitled 
"Physiological  and  Biochemical  Assessment  of  Acute  Hemorrhagic 
Pulmonary  Edema  in  the  Dog"  has  been  approved.  This  protocol  has 
three  principal  objectives: 

a.  To  develop  an  animal  model  of  acute  lung  injury  using  dogs 
as  the  animal  species  and  intravenous  injection  of  oleic  acid  to 
produce  injury.  Oleic  acid  produces  acute  hemorrhagic  pulmonary 
edema  (10),  one  manifestation  of  air-blast  induced  lung  injury. 

Thus  the  laboratory  model  is  designed  to  simulate  blast  injury  as 
closely  as  possible  without  resorting  to  actual  blast  exposure, 
which  is  not  practicable  in  the  laboratory  setting. 

b.  To  evaluate  the  sensitivity  and  specificity  of  a  physiolo¬ 
gical  technique  which  measures  several  important  aspects  of 
pulmonary  function  during  the  development  of  hemorrhagic  pulmonary 
edema.  Pulmonary  tissue  volume  (edema  fluid  volume)  will  be 
determined  by  a  technique  (11)  which  measures  the  relative  uptake 

of  a  soluble  test  gas  during  a  rebreathing  maneuver.  This  procedure, 
if  successful,  is  ultimately  applicable  to  human  subjects. 

c.  To  screen  for  potential  blood-borne  biochemical  markers  of 
injury.  In  order  to  be  a  useful  marker  of  early  injury,  such  a 
molecule  must  be  established  to  originate  from  an  alteration  in 
lung  physiology.  Included  in  those  molecules  to  be  screened  are  the 
prostaglandin  degradation  products,  prostacyclin,  bradykinin,  the 
angiotensins,  and  such  potential  indicators  of  early  activation  of 
coagulation  such  as  complement  binding  to  RBC,  changes  in  factor  VI II 
antigen  to  coagulant  activity  ratios,  and  early  fibrinogen  cross- 

1  inking. 

4.  The  non-auditory  requirements  are  fourfold:  (1)  the  accurate 
simulation  of  the  pressure  wave;  (2)  a  dose  response  curve  for 
non-auditory  injury;  (3)  a  risk  assessment  based  on  the  dose  response 
curve;  (4)  development  of  protective  devices  and  techniques.  Work 
with  the  blast  tube  at  Lovelace  has  resulted  in  simulated  M198  blast 
waves  which  appear  on  paper  to  reproduce  the  actual  waves  quite 
accurately.  The  Jaycor  analysis  of  these  wave  forms  is  still  in 
progress  but  indications  are  that  the  190  dB  wave  will  need  further 
revision.  Attempts  are  now  underway  at  Lovelace  to  reduce  the 
dynamic  component  of  this  wave.  The  development  of  the  dose  response 
curve  is  dependent  upon  the  proper  definition  of  both  the  dose  (the 
blast  wave)  and  the  response  (biological  injury).  The  overpressure 
program  has  a  physicist  actively  investigating  the  physical  parameters 
of  the  pressure  wave,  and  the  basic  research  program  at  WRAIR  is 
directed  toward  the  early  detection  of  biological  injury.  It  has 
been  suggested  that  sheep  be  exposed  to  the  M198/M2n3  in  operator 


positions  to  determine  if  non-auditory  injury  occurs  in  this  setting. 
It  is  currently  anticipated  that  this  study  will  be  delayed  until 
Spring  1979  when  the  M203  charge  problems  are  resolved  and  the  RAM 
study  proceeds  again.  This  will  allow  piggy-backing  of  the  sheep 
study  and  avoid  the  requirement  for  an  additional  250  M203  charges. 

It  is  important  to  realize  that  this  sheep  study  as  proposed  will 
not  alter  the  current  safety  recommendations.  This  study  will  be 
subject  to  the  same  difficulties  in  interpretation  that  the  existing 
study  has  been  plagued  with.  It  will  provide  only  a  single  point 
on  the  dose  response  curve,  and  the  results  will  not  be  directly 
applicable  to  humans.  The  risk  assessment  will  be  dependent  upon 
the  completion  of  the  dose-response  curve.  Work  with  protective 
devices  and  techniques  will  begin  as  soon  as  the  validation  of  the 
simulated  waves  has  been  completed.  It  is  necessary  to  have  a 
waveform  of  sufficient  magnitude  such  as  to  reproducibly  cause 
significant  injury,  such  that  protection  or  lack  of  protection  can 
be  reasonably  determined  without  resorting  to  large  numbers  of 
animals. 
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